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Vout. XXXV. 


Monraty Wearuer Review is based on data from about 
3500 land stations and many ocean reports from vessels taking 
the international simultaneous observation at Greenwich noon. 
Special acknowledgment is made of the data furnished by the 
kindness of cooperative observers, and by R. F. Stupart, Esq., 
Director of the Meteorological Service of the Dominion of 
Canada; Sefior Manuel E. Pastrana, Director of the Central 
Meteorological and Magnetic Observatory of Mexico; Camilo 
A. Gonzales, Director-General of Mexican Telegraphs; Capt 
I. S. Kimball, General Superintendent of the United States 
Life-Saving Service; Commandant Francisco S. Chaves, Direc- 
tor of the Meteorological Service of the Azores, Ponta Del- 
gada, St. Michaels, Azores; W. N. Shaw, Esq., Director Mete- 
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orological Office, London; H. H. Cousins, Chemist, in charge 
of the Jamaica Weather Office; Rev. L. Gangoiti, Director of the 
Meteorological Observatory of Belen College, Havana, Cuba. 

As far as practicable the time of the seventy-fifth meridian 
is used in the text of the Monruty Wearuer Review. 

Barometric pressures, both at land stations and on ocean 
vessels, whether station pressures or sea-level pressures, are 
reduced, or assumed to be reduced, to standard gravity, as 
well as corrected for all instrumental peculiarities, so that they 
express pressure in the standard international system of meas- 
ures, namely, by the height of an equivalent column of mer- 
cury at 32° Fahrenheit, under the standard force, i. e., apparent 
gravity at sea level and latitude 45°. 


FORECASTS AND WARNINGS. 


By Prof. E. B. Garriott, in charge of Forecast Division. 


AN UNSEASONABLE WARM PERIOD IN THE UNITED STATES. 

The temperature of the third decade of March averaged 12° 
to 21° above the normal generally east of the Rocky Moun- 
tains. In the Eastern States this remarkable and probably 
unprecedented 10-day period of March heat was due to the 
passage of two well-marked warm waves that advanced from 
the Great Plains to the Atlantic coast. These warm waves 
had their origin in a heated area that set in over the Middle- 
western and Southwestern States from the 16th to the 18th, 
and continued in that region for about ten days, with max- 
imum temperatures of 90° to 100° in Oklahoma and Kansas. 
The first offshoot from this heated area advanced over the 
Mississippi Valley on the 21st and reached the Atlantic coast 
on the 22d, attended at many points by the highest tempera- 
tures on record for March. At Washington, D. C., 90°, or 
higher, was reached on three days, the highest, 93°, being 
registered on the 23d. This was 10° above the highest March 
temperature previously recorded for Washington. The second 
warm wave of this decade advanced from the eastern Rocky 
Mountain slope to the Atlantic coast from the 24th to 29th, 
with temperatures at many points that exceeded those of any 
previous March. On the 29th the heated area in the Middle 
West and Southwest was dissipated by an area of high barom- 
eter from the Pacific. This high area was attended by a cold 
wave that carried the frost line tonorthern Florida by April 1. 
The associated apparent causes of periods of unusual weather 
are found in the abnormal distribution of barometric pressure 
over and near the regions affected. In the case of the March 
warm period the barometer was continuously low or falling 
over the western half of the United States from the 18th to 28th. 
Attending the eastward advance of the warm wave on the 21st 
and 22d, pressure was low over the entire country except the 
extreme southeast. On the 24th the warm period in the Eastern 
States was temporarily broken by a high barometer area that 
moved from the Hudson Bay region over the Atlantic States 
from the 24th to 27th. In the meantime barometric pressure 
had remained low in the West. Following the southeast pas- 
sage of the Hudson Bay high area southerly winds with 
rapidly rising temperature again set in over the eastern dis- 
tricts, and continued until broken by the cold wave of the 30th. 
A consideration of the greater areas of barometric pressure 
shows that during this warm period pressure was exception- 
ally high for the season over the interior of Asia, and corre- 
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spondingly low over the north Pacific Ocean. The effect of con- 
tinued low pressure over the northern Pacific is shown in the 
low pressures that continued over central and western portions 
of the American Continent, which were in turn responsible for 
the prevalence of warm southerly winds over the eastern half 
of the United States during the latter half of the month. 

Aside from the warm period referred to, average winter tem- 
peratures prevailed over the eastern half of the country. In — 
Maine and the Pacific States the month was colder than usual, 
and over the northern half of California the deficiency was 
3° to 6°. 

IN GENERAL. 

No specially notable features were shown by European and 
central Asiatic reports. There were two interruptions of the 
high barometric pressure that prevails at this season over the 
interior of Asia, one in the first decade and the other at the 
close of the month. In each case there appeared to have been a 
slow eastward drift of low barometric pressure from west-central 
and northwestern Europe, and from the Iceland low area, where, 
at Seydisfjord, readings below 29.00 inches were recorded 
during brief periods in each decade. British Isles pressures 
were generally high, except from the 15th to 19th and at the 
close of the month, when disturbances of marked intensity 
crost that region. In the vicinity of the Azores the barom- 
eter was exceptionally high during the first half of the month, 
and readings did not fall below 30.00 inches until the 31st. 
Over the western Atlantic storms advanced from the northern 
coasts on the 2d to 4th, 6th, 20th, and 23d, the storm of the 20th 
being particularly severe on the New England and Canadian 
coasts. The passage from the continent of storms of moderate 
strength caused low barometric pressure at Bermuda on the 
6th, 25th,and 26th. A feature of the closing days of March was 
a storm off the extreme southeast coasts of the United States. 
As this storm acquired its greatest intensity early in April, its 
description will appear in the Monraty Wearuer Review for 
that month. 

A number of disturbances of moderate energy crost the 
Great Lakes, one in the first and third decades and four in 
the second decade of the month. On the Pacific coast baro- 
metric pressure was generally low, more especially during the 
second and the first half of the third decades, the lowest 
reading, about 29.15 inches, being noted on the north Wash- 
ington coast on the 23d. 
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Precipitation was in excess in the Rocky Mountain and 
Plateau districts and thence over California and southern 
Oregon. In California the month was one of the wettest 
Marches on record. 

Heavy rains in the second decade of the month caused 
exceptionally high stages in the Ohio River and tributaries. 
At Pittsburg, Pa., a stage of 35.5 feet was reached on the 
morning of the 15th. This is the highest stage of water ever 
recorded at Pittsburg, and exceeded the record stage of Feb- 
ruary 10, 1832, by 0.5 foot. The water at Pittsburg receded 
rapidly after the 15th, until the 19th, when another rainstorm 
caused a rise to 24.4 feet, 2.4 feet above the flood stage, at 
5 p. m. on the 20th. Heavy rains that set in on the Pacific 
coast on the 16th and continued several days, combined with 
melting snow in the mountains, caused destructive floods in 
the Sacramento Valley, Cal. 

The night of the 5th a heavy snowstorm, attended by high 
wind, thunder and lightning, visited the Middle Atlantic 
States. On the 10th a heavy snowstorm covered the Middle 
Atlantic and New England States and the Canadian Maritime 
Provinces. 

BOSTON FORECAST DISTRICT. 

Storms of notable severity occurred on the 11th, 19th, and 20th. 
On the 19th heavy snow fell in northern New England, and 
on the 20th the wind attained velocities on the coast of 35 to 
77 miles an hour. Storm warnings were timely, and there 
was no damage and little delay to shipping.—J. W. Smith, 
District Forecaster. 

NEW ORLEANS FORECAST DISTRICT. 

Frost warnings were issued on two days and frost occurred 
in the section covered by the warnings. Frost occurred over 
limited areas, without warnings, on two days. Cold-wave 
warnings were not issued or required, and no general storm 
occurred on the Gulf coast.—I. M. Cline, District Forecaster. 

LOUISVILLE FORECAST DISTRICT. 

After the 13th exceptionally warm weather prevailed, and 
day after day March temperature records were broken. The 
month closed with a cold wave and killing frost, regarding 
which due warnings were issued. The flood in the Ohio River 
caused widespread damage, altho in this vicinity damage was 
not so great as from the January flood.—/F. J. Walz, District 
Forecaster. 

CHICAGO FORECAST DISTRICT. 

The special features of the month were extremely high tem- 
peratures over practically the entire district, with no cold 
waves of consequence. Advisory messages were sent to open 
ports on Lake Michigan previous to the occurrence of storms, 
and no damage by storms is known to have occurred.—HU. J. 
Cox, Professor and District Forecaster. 

DENVER FORECAST DISTRICT. 

March was wet west of the Continental Divide and dry on 
the eastern slope, with an excess of temperature thruout the 
district. In eastern Colorado the month was the mildest 
March on record. Nocold-wave warnings were issued.—F. H. 
Brandenburg, District Forecaster. 

SAN FRANCISCO FORECAST DISTRICT. 

Unusually heavy precipitation caused destructive floods in 
central and northern portions of California. Storm warnings 
were necessary on a number of dates. There were some frosts, 
but fewer than usual.—A. G@. McAdie, Professor and District 
Forecaster. 

PORTLAND, OREG., FORECAST DISTRICT. 

The month was not as stormy as usual. During a storm on 
the 22-23d maximum velocities of 74 miles at North Head, 
Wash., and 60 miles at Tatoosh Island were reported. No 
marine casualties were reported in connection with the storms 
of the month. Timely warnings were issued for all damaging 
frosts.—Z. A. Beals, District Forecaster. 
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RIVERS AND FLOODS. 


For the second time within the short period of two months 
the Ohio Valley was visited by a great flood. The flood waters 
from the great rise of January had scarcely past into the 
Mississippi before the rains that were to cause another began 
over the headwaters. The two floods differed materially in 
character in that above the mouth of the Great Kanawha 
River that of January was very moderate, while that of March 
was decidedly the reverse, so much so in fact that stages 
beyond all previous records were reached at Pittsburg and 
along the Youghiogheny River generally. The apparent ante- 
cedent conditions of the two floods were not greatly dissimilar, 
except that over the watershed of the Conemaugh and Kis- 
kiminetas, the lower Youghiogheny, and the upper Allegheny 
rivers there were from 4 to 8 inches of moist, heavy, and com- 
paratively fresh-fallen snow on the ground on March 10 and 
11, whereas immediately preceding the flood of January there 
was little or none. The amount of rainfall was somewhat 
greater during the January flood, but in March differences in 
distribution, combined with high temperatures and the rapid 
melting of the snow over the Allegheny, Kiskiminetas, and 
Youghiogheny watersheds, caused a volume of water that 
more than compensated for the deficiency in the amount of 
precipitation. 

The greater portion of the heavy rains fell on two successive 
days, the 13th and 14th, just at the time when, under the 
influence of temperatures that were from 10° to 25° above 
normal conditions, all the snows over the Allegheny and 
Monongahela watersheds were melting with great rapidity 
and running into the streams. 

From the mouth of the Great Kanawha to the mouth of 
the Scioto the crest stages of the two floods were very nearly 
alike, as were also the periods of duration. Below the mouth 
of the Scioto the crest stages of March were from 1 to nearly 
5.5 feet below those of January, on account of the limited 
supply of water contributed by the southern tributaries, 
notably the Great Kanawha, the Big Sandy, and the Guyan- 
dotte. This deficiency in the precipitation over the State of 
West Virginia is probably all that prevented a flood of much 
greater proportions. The headwaters of all northern tribu- 
taries were above flood stages, and had the West Virginia 
tributaries, with the Big Sandy, contributed their usual pro- 
portionate share of water, the flood of February, 1884, might 
easily have been compelled to yield its precedence, at least 
below the mouth of the Great Kanawha River. 

, The damage caused by the flood was approximately as 
ollows: 


$5,600,000 


To these figures must be added the expense of moving 
property beyond reach of the flood waters, as well as the 
losses occasioned by the interruption of business, so that the 
total damage must have amounted to at least $8,000,000. 

An inspection of the weather maps and special reports shows 
that the flood at Pittsburg can be attributed mainly to the 
enormous volumes of flood waters caused by the excessive 
rains and melting snows from March 12 to 14 over the Kis- 
kiminetas and Youghiogheny watersheds. The Monongahela, 
of course, contributed largely, but not so much as in the 
January flood, when the stages above the mouth of the Youg- 
hiogheny were from 3 to 5 feet higher. Not nearly so much 
rain fell over the upper Allegheny, less than 1 inch in fact, 
and no water of consequence came from the region above the 
mouth of the Kiskiminetas until the afternoon and evening of 
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March 14, when the breaking of the 6 or 8 feet of ice at Parker, 
Pa., released the backed-up water and augmented the flood 
volume of the lower river by about a foot or two. Preliminary 
warnings were issued on the morning of March 13 and special 
reports ordered from substations. By this time heavy rains 
and thunderstorms had interrupted the telegraph and tele- 
phone service so that it was impossible to obtain complete 
reports, and as a consequence the labor of issuing further 
flood warnings was attended with great difficulties. At 8 
a. m. March 14 the stage of water at Pittsburg was 31.1 feet, 
having past the flood stage of 22 feet between 6 and 7 p. m. 
on the previous day. At the same time Johnstown, Pa., on 
the Conemaugh-Kiskiminetas reported 18 feet, 11 feet above 
flood stage, and the highest stage since the great flood of 
May 31, 1889. All previous records were exceeded on the 
Youghiogheny River, West Newton, Pa., reporting 26.3 feet, 
flood stage being 23 feet. The rise continued until 5 p. m., 
when a crest stage of 28.2 feet was reached, 6.2 feet above 
previous high records. 

The river continued to rise at Pittsburg until 5 a. m., March 
15, when a crest stage of 35.5 feet was reached, exceeding by 
0.5 foot the previous high record of February 10, 1832, and 
by 2.2 feet the high-water mark of February 6, 1884. By 8 
a. m., March 16, the river had fallen to 22.8 feet, and by 9 
a. m. was once more below the flood stage. 

In accordance with custom the municipal authorities of the 
cities of Pittsburg and Allegheny rendered extremely valuable 
assistance in the local dissemination of the flood warnings. 
Squads of police visited every house in the low-lying districts 
ordering the inhabitants to remove their property to places of 
safety, and all kept in close touch with the local Weather Bu- 
reau Office. 

About 4000 telephone calls were answered during the three 
days of the flood, and more than 1000 persons called at the 
office in search of information. The damage done in the im- 
mediate vicinity of Pittsburg amounted to about $5,600,000, 
falling principally upon the manufacturing and electrical in- 
dustries. As far as is known nine deaths in the Pittsburg 
district can be attributed to the flood, three by the collapse 
of a railroad bridge, and six by drowning in small streams. 
The damage to the river interests was practically nothing. 
Other losses above Pittsburg can not be satisfactorily esti- 
mated. On the morning of March 14 warning was also sent 
to Wheeling, W. Va., to expect astage of 48 feet, 12 feet above 
the flood stage, by the afternoon of March 15, and again at 1 
a. m., March 15, for a stage of 50 feet by midnight of the 
same date. The crest stage was 50.1 feet at 9 p. m. of the 15th. 

This flood has resulted in the overturning of all precedents, 
and has established the fact that while the Allegheny is 
usually the prime factor in flood causation at Pittsburg it is 
not essentially so. In the present instance the bulk of the 
water undoubtedly came from the Youghiogheny, which was 
ably, but not so extensively, assisted by the Kiskiminetas and 
Monongahela. The Allegheny was quite sluggish, being 
backed up for many miles above Pittsburg, and contributed 
practically no water to the main flood volume until late in the 
afternoon of March 14, when the moving of the ice above per- 
mitted a little water to come thru. 

The greatest previous flood at Pittsburg was that of Febru- 
ary 10, 1832, when the water reached astage of 35 feet, 0.5 foot 
below that of the present year. Mr. Henry Pennywitt, official 
in charge of the local office of the Weather Bureau at Pitts- 
burg, has furnished the following extracts regarding this flood: 

From the Pittsburg Gazette: - 

[Issue of February 10, 1832.] River in fine order, about 15 feet above 

w-water mark. 

(Tuesday morning, February 14.] The winter commenced several 
weeks earlier than usual. On the 9th of January the ice broke up and 


navigation opened. On the 5th of February it began to rain, and con- 
tinued to rain with slight interruptions until the night of the 9th. On 
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the 9th the rivers commenced to rise, and continued rising rapidly and 
regularly until 9 p.m.of Friday, the 10th, ‘‘ when they were higher than 
had been known by any living inhabitant of this city or neighborhood ”’. 
The whole of the low ground of the boroughs of the Northern Liberties 
and Allegheny and the greater part of the city of Pittsburg north of 
Liberty street were inundated. The damage in Pittsburg did not equal 
that in those boroughs. No estimate approaching accuracy can be made 
of the damage at this time. 

[ Tuesday, February 21.] The damage was less than at first esti- 
mated. At Pittsburg the crest was at 10 p. m., Friday, and at Wheeling, 
8 p.m. Saturday. 


From the History of Allegheny County: 


The winter of 1831 set in early in November and the rivers were 
frozen until February, 1832, so that people were able to cross on the ice. 
There was some snow, enough for tolerably good sleighing, but not 
enough either in Pittsburg or on the mountains to give token of 
a large spring freshet. Albach, in his Annals of the West, says: “A 
winter of excessive cold was closed suddenly by long continued and very 
heavy rains, which, unable to penetrate the frozen ground, soon raised 
every stream emptying into the Ohio to an unusual height. The main 
trunk, unable to discharge the water which poured into it, overflowed 
its banks and laid the whole valley, in many places several miles in 
width, under water. The water continued to rise from the 7th to the 
19th of February, when it attained a height of 63 feet above low-water 
mark at Cincinnati”. Albach’s statement of long continued and very 
heavy rains is not strictly correct. The rain which began to fall early 
in February, 1832, was a gentle, warm rain, not a very heavy one. It 
fell upon frozen ground, melting what little snow there was, and ran off 
as fast as it fell. The rains continued long enough to cause every tribu- 
tary of the Ohio to overflow its banks. The rivers broke up on the 10th 
and had begun to fall on the 14th. Allegheny was covered with water 
to where the Fort Wayne road crosses Federal street. ‘The Point’’ at 
Pittsburg was from four to six feet under water, and the water extended 
to St. Clair street on Penn and Liberty. Wood street was overflowed as 
far as Fourth avenue. All communication between the town and the 
South Side was cut off. 

Yet beyond the flooding of cellars and lower rooms, no special damage 
was done to Pittsburg. The people living near the rivers were incon- 
venienced for a time, and business was at a standstill for a few days, but 
a few weeks served to remedy all this inconvenience. The greatest ma- 
terial loss to Pittsburg was that of Smoky Island, which was carried 
away, together with a frame factory which it contained. 


From the mouth of the Beaver River to Parkersburg, W. Va., 
the flood was remarkable for its unprecedented rate of rise, 
averaging 30 feet for the forty-eight hours ending at 8 a. m., 
March 15, and the stages were the highest of record, with the 
exception of those of February, 1884. In the Parkersburg 
district the stages were generally somewhat over .50 feet, 
Parkersburg reporting 51.6 feet, 15.6 feet above the flood stage, 
and Marietta, Ohio, 50.6 feet, 25.6 feet above the flood stage. 
Warnings were issued promptly, but in several instances they 
were not heeded as they should have been, some persons pre- 
ferring to place more reliance upon previous experience than 
upon the actual knowledge in the possession of the Weather 
Bureau. As a consequence considerable damage was done that 
might have been avoided. The official warnings were char- 
acterized by extreme accuracy, and were the subject of much 
commendation. 

Four lives were lost during the flood and the damage done 
amounted to about $200,000. 

From Parkersburg to Cairo conditions were very similar to 
those that prevailed during the flood of January, 1907, altho 
from Portsmouth, Ohio, southward, the crest stages were some- 
what lower. The warnings were issued with the usual high 
degree of accuracy, and many letters of commendation were 
received. The damage done amounted to perhaps $300,000 
or $400,000, considerably less than during the January flood. 

A special hydrograph of the Ohio River, showing the stages 
from day to day, will be found on Chart IX. 

The Wabash River was also in flood, with crest stages of 
17.3 feet at Terre Haute, Ind., and 23 feet at Mount Carmel, 
Ill., on March 19 and 22, respectively, flood stages being at 16 
and 15 feet. Warnings were issued from time to time and the 
crest stages differed from the forecast stage by only 0.4 foot. 

While the flood was in progress along the upper Ohio, the 
interior rivers of the State of Ohio, without exception, were 
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also in flood, and an enormous amount of damage was done 
over the southern half of the State. 


The following table contains the flood stages at the various 


stations, together with the crest stages of both the January 
and March floods, and the number of days the river was above 
the flood stage: 


Crest stages. Days above flood stage. 
Station. Flood —— 
stage. 
January, March, January, March, 
1907. 1907. 1907. 1907. 


Wheeling, W. 
Parkersburg, W. Va... ee 
Point Pleasant, W. Va........... | 
Catlettsburg, 
Portamouth, Ohio...... ......... 
Louisville, | 
Evansville, Ind. . 
Mount Vernon, 


enn 
| 


Cairo, 


At Hamilton the Great Miami River reached a stage of 20.3 
feet, 8.3 feet above the flood stage, and within 0.9 foot of the 
highest water of record. From 3 to 9 a. m., on March 13, the 
river rose 10 feet. 

Along the Scioto River conditions were still more pro- 
nounced. At Circleville the crest stage was 19.3 feet, 12.3 
feet above the flood stage, the breaking of a levee alone pre- 
venting still higher stages. At Columbus the maximum stage 
was 19 feet, 2 feet above the flood stage. Similar conditions 
prevailed along the Muskingum River, and at Zanesville on 
March 14, the water reached a stage of 31.9 feet, 6.9 feet above 
the flood stage. 

The Hocking River, altho quite small, really caused more 
damage than any other river in the State. The Hocking Val- 
ley Railroad suffered to the extent of $170,000, the loss to the 
coal mines by flooding was about $1,000,000, and a few small 
towns were nearly destroyed. Nothing serious occurred along 
the Sandusky and Maumee rivers, altho flood stages were gen- 
eral. The total damage in the State of Ohio caused by the 
floods, aside from that along the main river, amounted to at 
least $1,500,000, and possibly more. 

Warnings were issued from the local office of the Weather 
Bureau at Columbus, Ohio, on March 14 and 15 to all points 
likely to be affected by high water, and reports from flooded 
districts stated that they were the means of saving a great 
amount of property. 

The crest of the Ohio River flood past into the Mississippi 
on March 24, and as it closely followed another rise moving 
slowly toward the Gulf, the two were in a measure merged 
into one long swell with a very leisurely movement. At the 
end of the month the river was above flocd stage as far south 
as Arkansas City, and still rising slowly below. Advisory 
warnings were issued at the proper time in both the Memphis 
and Vicksburg districts. The only damage was caused by the 
overflow of some early seeded fields along the lower Yazoo 
River, but planting operations were generally delayed and levee 
work entirely suspended. 

There were some heavy rains along the Cumberland and 
lower Tennessee rivers during the last day or two of February 
and the first two days of March, necessitating warnings of 
moderate floods which were well verified. No damage was 
done. 

Flood waters caused by ice gorges did much damage along 
the Missouri River between Pierre, 8S. Dak., and Sioux City, 
Iowa, during February and early March, and the following 
report thereon was prepared by Mr. C. D. Reed, official in 
charge of the local office of the Weather Bureau at Sioux City, 
Towa: 
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A warm spell from February 9 to 17, over the region between the Mis- 
souri River and the Rocky Mountains, caused all the tributaries flowing 
into the Missouri from the west and the headwaters of the Missouri 
itself to break up with more than the usual volume of water, the snow- 
fall in this region having been above normal. On February 15, the Bad 
River broke up suddenly at Fort Pierre, 8. Dak., pushed large quantities 
of ice out over and under the solid ice in the Missouri, and flooded the 
lowlands on the Fort Pierre side, damaging barges and other property 
belonging to the U. 8S. Engineers, to the amount of $3000. At about the 
same time, the White River broke suddenly and rose rapidly near 
Oacoma, 8. Dak., causing a loss of live stock and farm buildings esti- 
mated at 33000. 

On Sunday, February 17, the Missouri began to break up from just 
above Sioux City to above Running Water, S. Dak. Altho above the 
normal February stage, the Missouri was yet 5 feet below flood stage 
at Sioux City and at Yankton. Without some stoppage in the movement 
of the ice, no flood damage could possibly have occurred, but during the 
forenoon of February 17, the ice began lodging on a sand bar in Gunder- 
son's Bend, four miles southeast of Vermilion, S. Dak. In five hours 
the water rose 12 feet and began flowing over the bottom lands. By 
Monday morning the 18th the water had broken thru the Chicago, Mil- 
waukee, and St. Paul Railroad grade between Vermilion and Burbank, 
and began flooding the land north of the track. It is reported that the 
current was so strong that huge cakes of ice were carried over the rail- 
road and into the fields on the other side. 


At 10 p. m. of the 17th, upon the meager and somewhat conflicting 
information that could be gathered from unofficial sources, warnings 
were issued to interests on lowlands in the vicinity of Sioux City, advis- 
ing the removal of all live stock to higher ground at once and the 
preparation of movable property for transfer on short notice. On the 
following morning this warning was distributed at Jefferson, and Elk 
Point, 8. Dak., and Jackson, Nebr. : 

‘Gorge in Missouri River threatens damaging flood. Every precau- 
tion should be taken on lower lands”’. 

During the afternoon of the 18th, a portion of the gorge became de- 
tached and past down to Renniker’s Neck opposite Jackson, Nebr., 
where it lodged, causing the water to overflow the banks. A new 
channel was soon cut and much of the ice remained stranded. During 
the afternoon of the 18th heavy ice began passing Sioux City and while 
not really forming a gorge, it clogged the channel just below the mouth 
of Big Sioux River, causing the water to back up that river so that it 
began to flow into the basements of some of the boat club houses at 
Riverside, and came within an inch of the grates under the boilers used 
in heating Elder’s greenhouses. An estimated stage of 14 feet occurred 
at the Sioux City gage during the night of the 18-19th. 

After the partial break in the gorge at Vermilion on the 18th it rapidly 
reformed, and during the next few days extended up the river past Ver- 
milion a total distance of 10 or 12 miles. The ice in many places became 
piled up to a height of 10 to 15 feet above the water level, and a few 
huge cakes became tipt up on edge so that they stood 25 feet high. The 
water spread over a large territory on both sides of the river, but espe- 
cially on the South Dakota side from below Burbank to above Meckling. 
It is estimated that 100 square miles of land not usually overflowed were 
inundated, and much of this was valuable farming land. Within about 
ten days the water cut channels around and thru the gorge and began to 
subside gradually. The breaking up of the Missouri at Pierre, 8S. Dak., 
on March 7, with a 3-foot rise, closed the outlets around the gorge to 
some extent, and a second rise occurred on the 9th and 10th of March, 
reaching about the same height as the previous rise and extending 
farther up the river, causing additional damage at Meckling and above. 


At this time an effort was made by the U. S. Engineers to locate a 
point where the gorge could be effectively blasted away with gunpowder, 
but before a strategic point could be found, large sections from the lower 
end of the gorge began to break away and pass down the river at inter- 
vals. The main gorge began to move out at 3 p. m. of the 13th. As 
it past Vermilion the water rose 3 feet, remained stationary for a 
time, and then rose 4 feet more, due to a sudden stoppage of the gorge 
at some point below. The U. S. Engineers telephoned the local office of 
the Weather Bureau in Sioux City as to the breaking of the gorge and the 
total rise of 7 feet in six hours. On this information and because of the 
great probability of a sudden stoppage of the gorge at most any point 
below, it was deemed advisable to issue flood warnings for Jefferson and 
Elk Point, 8. Dak., and Jackson and Walker's Island, Nebr., and inter- 
ests in Sioux City affected by a stage of 17 feet. The warnings were all 
distributed before midnight of the 13th. An estimated stage of 14.5 
feet occurred at Sioux City on the early morning of the 14th. As the 
ice moved out without stoppage, all danger of flood was soon. past. 

The flood in the vicinity of Vermilion continued twenty-four days, and 
was said by old residents to be the worst since March 25, 1881, whena 
gorge formed in a similar manner at about the same place. The total 
damage is estimated at $100,000, of which probably $20,000 might have 
been prevented if sufficient warning could have been given. On account 
of the caprices of ice gorges and the difficulty in securing reliable infor- 
mation from points between gage stations, the difficulty in accurately 
predicting such floods is obvious. 
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Marca, 1907. 


The flood in the Sacramento and San Joaquin valleys was 
doubtless the greatest in their history, and before the waters 
subsided damage amounting to at least $5,000,000 had been 
done. An account of this flood has been prepared by Mr. 
James H. Scarr, official in charge of the local office of the 
Weather Bureau, Sacramento, Cal., and follows herewith: 


Preliminary to a report on the great flood of the latter half of March, 
1907, in the Sacramento and lower San Joaquin valleys, a glance at the 
rainfall tables of the climatological reports of the California section will 
serve to show a period of heavy and long-sustained precipitation ex- 
tending from the 2d to the 17th of January. Then followed a nearly 
rainless period of a week, followed by another period of heavy precipita- 
tion, extending from January 24 to February4. During these periods the 
rainfall was unusually heavy over the Sacramento watershed, gradually 
diminishing toward the south with heavy and accumulating snows in the 
higher Sierras. 

These periods of heavy precipitation are mentioned because of their 
effect on the later flood situation in the Sacramento watershed. Con- 
ditions in the San Joaquin were not materially affected by these rains. 

The precipitation of the first period mentioned produced the ordinary 
winter stages in the rivers of the Sacramento watershed, and the great 
overflow areas or storage basins known as Sutter, American, and Yolo 
basins began to fill. 

The precipitation of the second period, ending about February 4, pro- 
duced flood stages in all the streams of the Sacramento watershed, tho 
no new high-water records were made, except at Marysville, where the 
Yuba recorded a stage of 22.2 feet on February 2, 21.8 feet being the 
previous record. 

On February 2 the American River at Folsom reached a stage of 21.2 
feet, the highest known for many years. All local interests were warned 
by telephone. Two new railroad bridges in process of construction 
across the American River at this city were in great danger, but the 
companies’ officials were warned in time to take all possible precautions, 
and as a result most of the structures were saved. By courtesy of the 
Capital and Pacific States Telephone companies all down-river points 
were warned of a rapid rise and advised to patrol all levees. Advisory 
warnings were sent to all points on the Sacramento from Colusa to 
Riovista daily as the situation seemed to warrant, and all local trans- 
portation interests were kept fully advised. 

This flood wave in the upper Sacramento crested at Kennett on Feb- 
ruary 4 at 18.5, at Red Bluffon the 4th at 24.4, at Colusa on the 6th at 
28.2, and at Knights Landing on the 6th at 18.8 feet. Below the latter 
place most of the flood waters of both the Sacramento and the Feather 
escape into the Yolo basin, returning to the Sacramento at Riovista thru 
Cache slough. At this city the Sacramento River continued to rise till 
the evening of the 8th, when at a stage of 26.9 feet the levee on the west 
side of the river opposite Y street (the south boundary of the city) broke, 
flooding a small district in Yolo County containing some 900 acres. The 
Southern Pacific Railroad grade cuts off the upper or northern end of this 
district, passing thru the village of Washington. A small portion of the 
town lying south of the railroad was flooded. The back levees of the 
district were cut to save the railroad grade, and the water quickly found 
its way to the Yolo basin on the west. With the occurrence of this 
break the river here began to decline steadily. 

On the 7th the first of the flood wave was noticed in a one-foot rise at 
Riovista. A warning was sent that flood stages would probably be 
reached by the 12th. The river reached its highest stage of 13.3 feet at 
Riovista about noon of the 11th. 

This flood did very little damage, but is interesting in this connection 
because it left the great storage basins full. The warnings issued were 
generally appreciated and eagerly sought by those whose interests are 
menaced by flood stages. 

The lower San Joaquin River reached a fairly high stage, 15.8 feet, on 
the 9th, but as this is not dangerously high no warnings were sent. The 
daily river bulletin reaches Stockton at noon, and is ample to advise of 
stages in that watershed except in case of great emergency. 

The rest of February was generally deficient in precipitation. The 
rivers declined to the usual winter stage and remained about stationary, 
Ss slightly to a short precipitation period from the 21st to the 

th. 

March shows two distinct precipitation periods—the first from the 2d 
to the 11th, only moderately heavy, but depositing fresh snow on the 
high mountains and well down on the foothills; the second extending 
from the 16th to the 25th and being very heavy. From the 16th to the 
20th, inclusive, this rainfall over the northern half of the State, and 
especially in the watersheds of the upper Sacramento, Feather, Yuba, 
Bear, American, Mokelumne, Calaveras, Stanislaus, and Tuolumne rivers 
and over the watersheds of Stony, Cache, and Putah creeks, on the west 
side of the Sacramento Valley, was accompanied by unusually warm 
weather, especially at the higher altitudes, causing rapid melting of the 
soft snow and a run-off probably the heaviest since these valleys have 
been inhabited by civilized people. The average precipitation of four 
stations on the upper Sacramento for these five days is 8.90; for nine sta- 
tions in the watershed discharging thru the Feather River 16.56; for six 
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stations in the American watershed 14.41; and for four stations along the 
eastern slope of the San Joaquin watershed 6.99 inches. 

Individual stations reporting the greatest precipitation were Stirling 
City, 24.22 inches during this period, and 43.38 for the entire month; and 
Laporte 22.45 inches during this period, and 42.62 for the entire month. 

The effect of this rainfall was immediate and extreme in all rivers 
affected. At Kennett, on the upper Sacramento, the river rose from 6.3 
on the 17th to 20.0, 25.0, and 33.2 feet on the succeeding days; while in 
the Feather, Yuba, American, Mokelumne, Calaveras, Stanislaus, and 
Tuolumne, the climax was reached one day earlier. 

On Sunday, the 17th, reports from Electra, Melones, and Jacksonville 
of stages of 8.0, 10.3, and 10.6 feet, respectively, warranted a warning 
advising of a sudden and extreme rise in tributaries of the San Joaquin 
and subsequent high stages in the main river. An advisory warning 
was also sent to Colusa on the strength of special report of heavy rain- 
fall at Kennett, and all local interests were warned by telephone of a 
sudden and extreme rise in the American River. 

On Monday, the 18th, conditions were rapidly growing worse in all 
sections of both watersheds. Special reports were called for from 
stations in the San Joaquin watershed and warnings were repeated to 
Stockton, to be distributed by special arrangements from that point. 
Advisory warnings were sent to Colusa and Marysville, and all local 
interests advised thru the courtesy of the telephone companies. 

On Tuesday, the 19th, telegraph wires were down in many places, but 
on the showing of reports received in a regular way, and reports of rain- 
fall by courtesy of the Southern Pacific Company, warnings were sent 
to Colusa to expect the highest water of record at all points from Kennett 
to Knights Landing. Warnings were sent to Stockton for highest water 
of record in the Tuolumne, Stanislaus, Calaveras, and Mokelumne rivers 
also that the lower San Joaquin and entire island district would ex- 
perience the highest water of record after the 2ist. The American River 
at Folsom crested at 26.8 feet this morning. It was learned later that the 
Yuba at Colgate crested at midnight on the 18th at 23.0 feet, 8.4 feet above 
the previous high-water stage of February 22, 1904. The Feather at 
Oroville crested onthe morning of the 19th at 28.2 feet, 3.2 feet above the 
previous high-water stage of February, 1881. The Yuba at Marysville 
also crested on the morning of the 19th at 23.3 feet, 1.1 feet above the 
high-water record of February 2, 1907; the Mokelumne River at Electra 
at 13.0 feet, 4.0 feet above the previous highest known stage; the Calaveras 
at Jenny Lind at 13.0 feet, 3.0 feet above previous high water, and the 
Tuolumne at Jacksonville at 26.0 feet, by several feet the highest of 
record. The Stanislaus at Melones also reached a stage of 11.0 feet on 
the 19th, being above all previous records, tho it crested at 12.2 feet on 
the 21st. 

On the afternoon of the 10th water from the Calaveras River over- 
flowed the greater portion of the city of Stockton. The flood reached 
its greatest height about midnight, and in two or three days the water 
was gone from the streets. No lives were lost. The damage is esti- 
mated at half a million dollars, one half that sum being charged to goods 
in basements and lower floors damaged by wetting. 

On Wednesday the 20th, the river at Kennett reached the remarkably 
high stage of 33.0 feet, 8.0 feet above any previously known stage, and 
began falling rapidly. At Red Bluff the flood wave crested at 27.5 feet 
at 4 p. m., 2.0 feet below the highest record stage of February 4, 1881. 
Colusa reported a stage of 28.6 feet, but 0.1 foot below the high-water stage 
of April 1, 1906, and with a certainty of a continued rise for twenty-four 
hours, unless relieved by breaking and overtopt levees. A special mes- 
sage at 4 p. m. announced a stage of 29.3 feet, with water running over 
the levees both above and below the city. Levees were also overtopt 
for nearly the whole distance from Princeton to Jacinto. At 8 p. m. 
another special message announced the inevitable breaking of the levees 
below Colusa, affording at least temporary relief to the levees in front of 
the city. All reports from the Feather River watershed showed decli- 
ning stages. The American at Folsom declined 6 feet, but was still at an 
unusually high stage. The Sacramento at this place reached 26.9 feet, 
and began to decline. The slope of the water surface from the mouth 
of the American to the Kripp break, a distance of nearly 3 miles, was 
about 2 feet to the mile, and the current velocity was estimated by engi- 
neers and river men to be at least 12 miles an hour. It was evident 
that no flood stage could occur here under the conditions existing, but 
warnings to points on the river between here and Riovista were empha- 
sized. The doubled current velocity here was forcing a much larger 
volume of water past the Kripp break than would have past that point 
at much higher stages at normal velocity. The break was also acting 
to reduce the slope of the flood plane below, and a consequent ‘ piling 
up” of the water below was resulting not only in higher stages than 
would be indicated by the stage at Sacramento, but higher stages by 
several feet than were ever before recorded. 

The river at Riovista began to respond to the flood waters on this 
date in a rise of 1 foot to a stage of 9.8 feet at 7 a. m., and warnings were 
issued that the river at that point would continue to rise till after 
Sunday and would pass all previous high-water records. 

The San Joaquin crested at the bridge near Lathrop at 19.2 feet, 0.5 
foot above the high-water mark of March 25, 1906. Long distance tele- 
phone calls were had from Stockton and other down-river points, and 
warnings and advices were distributed by this means. The Mokelumne 
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River near Woodbridge was reported to have broken its levees, and a 
large area was being flooded. 

On Thursday the 2ist, Kennett reported a decline of over 12 feet. 
Breaks had occurred near Princeton, and several breaks in Sutter County 
had flooded Reclamation District No. 70, resulting in the loss of con- 
siderable stock. Telephone lines were down and it was impossible to 
reach the district with the later warnings. Eleven breaks had occurred 
on the west side between Colusa and Grimes, and the river at Colusa 
was falling. At Knights Landing the river crested on this date at 20.2 
feet, 1 foot above the previous high-water record. Breaks occurred in 
the levees above and below the town, flooding the greater part with back 
water. No lives were lost and not a great amount of damage was done in 
the town. The Feather, Yuba, and American rivers were falling. The 
Sacramento was falling at this city, but rising at all points below, in- 
cluding Riovista, where the returning flood waters from Yolo basin 
thru Cache slough caused a rise to a stage of 13.2 feet. All rivers in the 
San Joaquin watershed were falling except the San Joaquin at Fire- 
baugh, the fall to a stage of 18.6 feet at the bridge near Lathrop being 
due to several breaks in the levees both above and below that point. 
Long distance telephone calls from Stockton, Elk Grove, Riovista, 
Walnut Grove, Isleton, and Courtland furnished means of repeated 
warnings that the rivers and sloughs of the island districts would con- 
tinue to rise for several days, and would remain at dangerously high 
stages until after the 29th. San Francisco was asked for a special wind 
forecast at 4 p. m., and the following was received: ‘‘ High southwest 
winds will prevail in the valley and Bay districts to-night and Friday 
morning’. This warning was telephoned or telegraphed to all points 
that could be reached; under prevailing conditions it was deemed of 
the utmost importance, as wave action under strong wind pressure is 
apt to prove most destructive to nearly submerged levees. uring the 
night several breaks occurred between Courtland and Walnut Grove on 
the east side of the Sacramento. This water past down on the back 
side of the Pierson district, adding to the already disastrous overflow 
from the Mokelumne, and threatening all reclamations in the lower San 
Joaquin delta. 

On Friday, the 22d, most interest centered on the island districts, 
where the water continued to rise steadily. Riovista reported 15.5 feet, 
0.5 foot above the high-water mark of March 23, 1904. The situation was 
growing desperate, but the only reply that could be given to the repeated 
telephone calls from the doomed reclamations was: ‘‘ The worst is yet 
to come. Do not be deceived by a temporary decline on the ebbing tide. 
The water will rise steadily in most sections till after Sunday, and the 
danger will not be past fora week”. Several districts in the San Joaquin 
delta, embracing more than 20,000 acres, were flooded. District No. 108, 
embracing 75,000 acres, mostly in Colusa County, gave way and began 
to fill rapidly. 

Saturday, the 23d, was a most disastrous day. Ryer, Tyler, Brannan, 
Andrus, and Bouldin islands and the Lisbon district, embracing some 
60,000 acres, all in the highest state of intensive cultivation, were flooded. 
This wholesale inundation, with the outgoing tide, caused a slight decline 
at all points on the Sacramento side, but warnings were repeated that a 
still further rise would occur at all points in the island district. On 
Sunday, the 24th, the river at Riovista reached its highest point, 18 
feet, 3 feet above the previous high-water record, and began to decline. 
This decline was doubtless due to the breaking of the levees on Brannan, 
Andrus, and Twitchell islands. The water from the Yolo basin thru 
Cache slough was given a direct and free outlet to the San Joaquin instead 
of being confined to the narrow and crooked channel between Sherman 
Island and the Solano County hills. On this date the rich Pierson dis- 
trict, some distance below this city, which escaped the flood of 1904, 
and which by tremendous effort had so far been held, gave way, and 
10,000 more acres of the most productive land in the world was given 
to the flood. Probably the largest loss of livestock occurred in this 
district, its value being estimated at $60,000. This was not because of 
the lack of warning, but because the officers of tlhe reclamation district 
were too confident of holding the district against all odds. 

The breaking of Brannan, Andrus, and Twitchell islands now gave 
the waters from the Yolo basin, which were several feet higher than 
ever before known, a free sweep in an almost direct line from the outlet 
at Cache slough into the San Joaquin more than 75 miles above its 
mouth. The escaping water from the Sacramento in the vicinity of 
Courtland also found a direct outlet into the San Joaquin still higher up. 
As a result the water in the San Joaquin and sloughs below Stockton 
continued to rise in some sections till the 29th, tho at Lathrop the high- 
est was reached on the 20th. In this section probably 40,000 acres were 
oy gua the 24th, the last tract of 2000 acres being submerged on 
the 29th. 

To summarize, undoubtedly the flood of March 18 to 29, 1907, was the 
greatest since the lowlands of the Sacramento and San Joaquin valleys 
have been reclaimed to any considerable extent. It is probable that the 
volume of water discharged was equal to if not greater than that of 1862, 
referred to as the ‘‘ great flood”. 

Nearly 300,000 acres of reclaimed land was flooded. The damage, in- 
cluding the loss of crops, which is far in excess of all other losses com- 
bined, will probably reach $5,000,000. This does not include damage to 
railroads which was considerable. Very few lives were lost, and none 


MONTHLY WEATHER REVIEW. 


Marca, 1907 


ean be charged directly to the flood, so far as present advices indicate. 

All previous high-water records were surpast at all points reporting 
on the Feather, Yuba, and Bear rivers, also at all points on the Sacra- 
mento River, except Red Bluff and Sacramento. The Mokelumne, Cala- 
veras, Stanislaus, and Tuolumne rivers past all previous records, as did 
also the San Joaquin below the mouth of the Toulumne. 

In judging of the service performed by the Weather Bureau in this 
emergency, it is hoped that it will be born in mind that this service 
embraces two entire river systems, each complicated and with sources 
of flood waters from numerous short, torrential streams. The situation 
in the most important part, viz, the island districts, is still further com- 
plicated by the union of the two systems at tide level by an intricate 
network of sloughs and channels, and the return to the main rivers by 
shorter routes of the escaped flood waters from above. Then again the 
service is comparatively new as regards administration, data secured, 
and the people and interests to be served. 

The papers usually gave credit for the information furnished and 
repeated the warnings given, and the editors and reporters have per- 
sonally exprest great appreciation of the service. Locally the State 
Board of Public Works, the transportation companies, and many owners 
of reclaimed lands have also exprest appreciation of the service rendered. 

Our observer at Colusa writes: 

**All farmers in flooded sections had received warnings from the 
Weather Bureau, and had ample time to remove stock to places of safety. 
No stock lost in Colusa County. * * * A copy of all warnings fur- 
nished to the press and posted on Market street and on Fifth street, and 
all farmers accessible by telephone notified. The service furnished by 
the Weather Bureau very satisfactory and greatly appreciated by all 
interests ’’. 

M. D. Eaton, of Stockton, to whom was sent the first warning on March 
17, writing on the 18th, says: 

* T immediately telephoned, upon the receiving of your tele- 
gram, to different parties interested in reclaimed lands which might be 
affected by the possible extreme flood waters of the San Joaquin. It 
would be useless for me to say that we appreciate your action beyond 
any explanation. * * * Your telegram of yesterday created quite a 
stir among us and has given us an opportunity to prepare for dangerous 
waters ’’. 

J. M. Eddy, Secretary of the Stockton Chamber of Commerce, writes 
under date of April 4: 

‘*In behalf of this Chamber of Commerce and the vested interests of 
this community, I wish to thank you for your successful efforts to keep 
this organization and our people apprised of the river stages and weather 
conditions during the recent floods, and to assure you that there is a 
very high appreciation of your work among those best informed and most 
concerned. I trust that the memory of this will influence our citizens 
to a greater degree of helpfulness to you in making your inquiries in 
the future’’. 

In addition to the service rendered, the complete and unbroken record 
of river stages secured by this service during the flood will prove 
invaluable to all lines of hydrographic, reclamation, irrigation, and river 
improvement work. 

The breaking up and downstream passage of the ice in both 
branches of the Susquehanna River resulted in some moder- 
ately high stages of water. but no damage of great conse- 
quence. At Binghamton, N. Y., the ice went out at 11 p. m. 
on March 15; at Towanda, Pa., at 10:30 a. m. of the same day, 
and at Wilkes-Barre, Pa., at 5 a. m., March 16, moving out on 
16 feet of water. 

At Clearfield, Pa., on the West Branch, the ice began to 
move at 6 p. m., March 13, and by 5 p. m. of the following day 
the water had reached a stage of 11.9 feet, 3.9 feet above flood 
stage. Several factories were compelled to suspend work for 
a few days, and some streets were washt out. 

At Renovo, Pa., the ice went out at 7 a. m. on March 14, and 
at Williamsport, Pa., at 6 a. m. of the following day. In the 
main river the ice began to run on March 14. 

The greatest damage was done at Port Deposit, Md., a large 
portion of which was flooded. 

The dead body of a boy, found in the ice at Port Deposit, 
was afterward identified as that of one who had fallen into the 
North Branch from the Berwick Bridge, more than 150 miles 
above, on January 16, 1907. 

Warnings of the stages of water to be expected were issued 
from Harrisburg, Pa., on March 13 and 14, and were of great 
benefit to those interested. 

Considering the condition of the rivers, the manner of the 
ice breakup was most fortunate; first came the ice from the 
main river and the Juniata, then that from the West Branch, 
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followed a day later by that from the East Branch. Had all 
or any two come out together, a serious flood in the lower 
river would surely have resulted. 

The rains of the latter days of February and March 1 caused 
a moderate flood in the Alabama River, and others somewhat 
more pronounced in the Black Warrior, the lower Tombigbee, 
and the rivers of southeastern Mississippi. Warnings were 
issued for all, and no damage worthy of special mention was 
done. On some of the rivers the floods were of benefit, as 
they permitted the movement of lumber that had been held 
for sufficient water to float it to market. 

The heavy rains on March 13 and 14 caused severe and 
dangerous floods along the upper Potomac River and its head- 
waters, resulting in damage to the amount of about $1,000,000, 
mainly to railroad interests. There was no damage of conse- 
quence below Cumberland, Md. 


High water did some damage along the rivers of Idaho, 
the result of heavy rains and melting snows. 

At the end of the month the Mississippi River was free from 
ice, which broke up at Leclaire, Iowa, on March 1, and at Fort 
Ripley, Minn., on March 27. 

The rivers of Maine remained frozen, but the ice of the 
upper Connecticut gave way between March 27 and 29. 

The highest and lowest water, mean stage, and monthly 
range at 312 river stations are given in Table VI. Hydro- 
graphs for typical points on seven principal rivers are shown on 
Chart I. The stations selected for charting are Keokuk, St. 
Louis, Memphis, Vicksburg, and New Orleans, on the Missis- 
sippi; Cincinnati and Cairo, on the Ohio; Nashville, on the 
Cumberland; Johnsonville, on the Tennessee; Kansas City, on 
the Missouri; Little Rock, on the Arkansas; and Shreveport, 
on the Red.—H. C. Frankenfield, Professor of Meteorology. 


SPECIAL ARTICLES, NOTES, AND EXTRACTS. 


RAINFALL AND RUN-OFF OF THE CATSKILL 


MOUNTAIN REGION.' 
By THApDpEUS MERRIMAN, Assistant ae. Dated Browns Station, N. Y., June 14, 


The purpose of the studies on the rainfall and run-off of the 
Catskill watersheds, the results of which are embodied in this 
report, has been: 

1. To determine the most probable mean annual rainfall on 
each of the four watersheds proposed to be used as an addi- 
tional supply for the city of New York. 

2. To determine the relation between the values of the rain- 
fall on these watersheds and the values of the rainfall at other 
points where long and careful records have been kept. 

3. To determine as closely as possible the percentage of the 
rainfall on these watersheds which may be expected to appear 
as streamflow and become available for the supply of the city. 

RAINFALL. 

An examination of rainfall records in the State of New York, 
particularly in the territory covered by the Rondout, Esopus, 
Schoharie, and Catskill watersheds, at once showed that prac- 
tically no observations had ever been made in this immediate 
vicinity. There was found but one record within the limits of 
these watersheds, and that fora short period only. A number 
of records had been kept at distances varying from 3 to 20 
miles, and located geographically around the area under con- 
sideration. An admirable digest of these records in the 
vicinity was made in the report of the Commission on Addi- 
tional Water Supply for the city of New York, in 1903. This 
commission also established a number of gages on these water- 
sheds. Observations were continued for about nine months, 
when the completion of the work of the commission caused 
their abandonment. 

Ten rain gages have been established by the present Board 
of Water Supply, and these, in connection with the gages of 
the voluntary observers of the United States Weather Bureau, 
cover in excellent form all the territory of the four water- 
sheds. For the future, therefore, the rainfall will be deter- 
mined with a high degree of precision. 

In order to fix the most probable mean value of the rainfall 
in this territory it was decided to make the study as compre- 
hensive as possible. To this end, therefore, nearly all reliable 
records for points within approximately one hundred miles of 
the Ashokan basin which could be found in public documents 
were gotten out and studied. This work involved an exami- 
nation of the records at 76 different stations, the records 
at all of the stations covering a total length of 1085 years. 

The records studied were obtained from the following 
sources: (a) New York State Meteorology. (») The New York 

'A report to C. E. Davis, department engineer, and J. Waldo Smith, 


chief engineer, Board of Water Supply, city of New York. Communi- 
cated by permission of the Board. 


State Weather Bureau Reports. (c) The United States Weather 
Bureau Reports. (d) Records at miscellaneous points, as given 
in the report of the Commission on Additional Water Supply. 

In the New York State Meteorology are assembled the 
records of observations made at the incorporated academies of 
the State, under the direction of the regents of the University 
of the State of New York. These records were begun in 1825 
and carried on more or less continuously until the Civil War 
diverted attention from them, and they were forgotten. 

Two different forms of gages were employed by these old- 
time observers. Prior to 1833 a gage with but little protec- 
tion against evaporation was used. A conical mouthpiece col- 
lected the rain and delivered it into a cylinder the area of 
which was one-eighth that of the mouth of the collecting cone. 
In this cylinder there was a float connected to a graduated 
scale which projected above the top of the gage, and on which 
the depths were read. In cold weather a vessel having the 
same area of mouth as the collector of the gage was set out. 
The snow was caught in this vessel, melted, and measured in 
the gage. This vessel was not more than 6 inches deep, and 
it is doubtful if the precipitation during the winter months, 
as determined by this device, was even of a reasonable degree 
of accuracy. In fact, an inspection of these records shows 
that the rainfall during the winter season was then apparently 
quite uniformly lower than that which is recorded by gages 
at the present time; there is no reason for believing that such 
was really the case, and the difference is to be attributed to 
the type of gage used. 

The instructions for setting these gages stated that they 
should be set remote from all obstacles, and distant from them 
by at least twice the height of the obstacle. 

After 1833 a conical type of gage was used, the details of 
which are shown in the accompanying sketch.* Measurement 
of the rainfall was made by putting a graduated stick down 
into the gage. This stick was graduated so as to give a read- 
ing in hundredths of an inch for the first three-tenths of an 
inch, and thereafter by fifths of aninch. The instructions for 
the setting of these gages were the same as those for the older 
type, except that they were to be placed with their mouths 8 
feet above the surface of the ground. 

All of these old records indicate quite uniformly a lower 
value for the rainfall than do the results of more recent 
observations. While it is impossible to state absolutely the 
reasons for this apparent difference, it is probably due (1) to 
loss by evaporation from the first type of gage used; (2) to 
the unapproved method of measuring the snowfall; (3) to the 
placing of the conical gage 8 feet above the ground; this gage 
would therefore probably register about 3 per cent less rain 
than the standard gages now in use. 


2? Not reproduced here.—EDITOR. 


1 


110 MONTHLY WEATHER REVIEW. 


On the other hand, however, there is nothing to indicate 
that these reports were not kept with the greatest care und 
fidelity. They show monthly rainfalls as high as any we have 
now, and others just as low. Were it not for the unfortunate 
differences in methods used, these records would be of very 
great value. In these studies they have been used as having 
an indicative value only. 

The records obtained from the reports of the New York 
State Weather Bureau and from those of the United States 
Weather Bureau are the most valuable and reliable which can 
be obtained. The methods used by the observers reporting 
to these two bureaus are uniform, and the only question which 
can arise as to their reliability is that of the unfaithfulness of 
the observers. This naturally is something which can not be 
considered. 

To attempt to assign a relative value to the records of all 
the stations studied would be a hopeless and impossible task. 
They have, therefore, been studied collectively; i. e., when in 
one locality one record showed a very high value and another 
a low one the mean of the two records has been considered as 
being the most probable value of the rainfall in that vicinity. 
Having decided that this was the only practical method of 
treating the records studied, it was felt that before even this 
could be done they must be reduced to some more even plane. 
The following is the reasoning which was used in this deduc- 
tion, the steps of which are shown in detail in Tables 1 and 2. 

Rainfall is erratic, and follows no definitely recognized law. 
Records of rainfall may differ from each other on account of 
what we may term “accidents of location ”, such, for instance, 
as the inapparent effect of a building; or again, the location 
of the gage in the path of showers, which path is defined by 
the topography of the country; or the results may differ, as 
from a’minor local storm, which is felt at one station and not 
at another. That such differences occur is well shown by a 
study of the contemporaneous rainfalls at New York and 
Newark, 10 miles distant from each other, and again at Albany 
and Troy, but 7 miles apart. These very visible differences 
led us to an extended study, and we observed that they occur 
usually in the months of June, July, August, September, and 
October. Those which occur in June, July, and August are 
probably the result of local thundershowers, while those of 
September and October seem to be due to extended storms 
which cover a wide area of country, yet in which the precipi- 
tation varies greatly, even over a limited portion of territory. 
Other differences, not numerous, however, occur in the other 
months of the year, but the reasons for them are not so 
apparent. 

Having recognized and admitted this principle of permissible 
differences in the records, the following method of rendering 
them comparable presented itself. Any monthly rainfall which 
exceeds twice the monthly mean rainfall for the length of the 
record is an excessive or unusual rainfall, and should be elimi- 
nated from the record. This has been done in the following 
manner: In any month in which the rainfall exceeded twice 
the monthly mean, as before defined, the value used for that 
month was the monthly mean, unless the rainfall for either the 
preceding or the following month was less than one-half its 
monthly mean, in which case only the excess of the surplus 
of the one month over the deficiency of the two months was 
deducted. The value of the yearly rainfall so determined has 
been called the “mean annual dependable” rainfall. It is 
not felt that this method of treating the records departs from 
sound and logical principles. It is without doubt a conserva- 
tive assumption, and for that reason has recommended itself 
most strongly. 

Rainfall, according to the best of our knowledge, varies in 
irregular cycles. It appears to be manifestly improper, there- 
fore, to compare even the mean annual dependable rainfall at 
one station with that at another without reducing them both 
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to an even plane by correcting them after comparison with 
the contemporaneous rainfalls at one or more points where 
records have been kept both for a long period and in an effi- 
cient manner. New York and Newark on the south, and Al- 
bany and Troy on the north, seemed to answer this purpose, 
and, following still further the method of elimination of dif- 
ferences in record due to local conditions, the mean annual 
dependable rainfalls for New York and Newark were averaged, 
and the resulting value called the mean annual dependable 
rainfall in the vicinity of New York. Similarly, the values of 
the mean annual dependable rainfall at Albany and Troy were 
averaged and called the mean annual dependable rainfall in 
the vicinity of Albany. 

The values of the mean annual dependable rainfall at all 
stations studied have therefore been increased or diminished 
as the mean annual dependable rainfall in the vicinity of New 
York and in the vicinity of Albany varied above or below its 
mean during the years of the record in question. Two values 
for the deduced mean annual dependable rainfall at each station 
were thus obtained, and their mean was taken as most probably 
giving the best value. The full detail of this method is shown 
in Table 2. The value for the rainfall so determined has been 
called the “deduced mean annual dependable rainfall ”. 

In the foregoing treatment the probability that the rainfall 
at any station within a given area varies from its mean by 
practically the same percentage as does the rainfall at any 
other station within the area has been made use of. In sub- 
stantiation of this principle, Table 3 is presented. This table 
indicates that this proposition is true for 72 per cent of the 
time within the area covered by the records studied, and it 
may be added that the smaller the territory under considera- 
tion the more nearly does it become absolute. 

Having obtained the values of the deduced mean annual 
dependable rainfall as before described, even they did not 
appear to be proper values to use for the purpose of drawing 
isohyetal lines on a map of the region, for the reason that the 
mean annual dependable method had practically eliminated 
all local characteristics. In Table 1, therefore, will be found 
the number of unusual years, the records of which have been 
modified by this method. The percentage which the number 
of these unusual years is of the length of the record was then 
determined, as also the difference between the mean annual and 
the mean annual dependable precipitation. The product of this 
percentage and this difference was then added to the deduced 
mean annual dependable precipitation in order to determine 
finally the most probable value of the mean annual rainfall. 

This value having been determined, it was plotted for all 
stations, and the isohyetal lines drawn as shown on the map, 
fig. 1. In studying these lines in connection with the values 
of the rainfall in Table 1, it must be borne in mind that the 
old records were given an indicative value only, and that where 
two neighboring stations showed different values for the rain- 
fall the mean of these two values was taken as being the best 
value for that vicinity. 

These lines indicate that the most probable values of the 
mean annual rainfall for the four watersheds under considera- 
tion are as stated in the first column of the following table of 
probable rainfall: 


Additional | U.S. Weather 
Watershed. Map. | water supply. | Bureau. 
| 

Inches. "riches. Inches. 
44 46) 43 
cess 41 42 39 


For purposes of comparison the values for the mean annual 


rainfall on these watersheds, as deduced by the Commission 
on Additional Water Supply, and the values as determined from 
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the curves of mean annual rainfall published in the annual sum- 
mary for 1905 of the New York section of the Climate and Crop 
Service of the United States Weather Bureau, are also given. 


TABLE 1.— Showing all the stations for which records have been studied, the time 
of these records and their length, the number of extraordinary falls occurring 
during the life of the record and the percentage which such occurrences are of 
the length of the record, the mean annual precipitation as usually deduced, 
the mean annual dependable precipitation and the difference between them, the 
deduced mean annual dependable precipitation and a quantity which is the 
product of the percentage of the extraordinary falls and the difference between 
the mean and mean dependable precipitation; this quantity is properly added 
to the mean annual deduced dependable precipitation in order to give finally 
a most probable value for the mean yearly rainfall. 


gia|\ 
223 4 rE 
“= & | | Sig 
oS 2 = = = ia 
= 3 a 3s 3 2 
2 es g is 
Yrs, Ins. Ins. Ins. Ins. Ins. Ins. 
New York, N -.... 1836-1905 70 23 33 45.86 48.71 2.15 48.71 0.71 44.42 
Newark, N.. he Ee: 1844-1904 61 15 25 47.57 44.62 2.95 44.62 0.74 45.36 
Alban "N , 1825-1904 80 24 30 38.89 387.31 1.58 37.31 0.47 37.78 
OS” ar 1826-1886 59 17 29 36.45 35.18 0.64 35.18 0.19 35.37 
Croton watershed N.Y. 1868-1904 37 14 38 49.04 46.738 2.31 45.91 0.88 46.79 
bh uannock, N. J. . 1893-1905 13 4 81 50.84 47.71 3.13 48.95 0.97 49.92 
y, 1889-1905 17 2 12 #40.66 40.12 0.54 40.47 0.06 40,53 
Dyberry, 1866-1898 25 0 39.00 39.00 0.00 38.22 06.00 38,22 
ooming Grove, Pa.... 1866-1894 27 14 52 43.68 39.80 3.88 39.30 202 41.32 
5 10 «(35.66 35.20 0.46 35.82 0.05 35.87 
Easton, Pa beteeeesosecoe 26 8 81 45.68 43.71 1.97 43.23 0.61 43.84 
Mauch Cc hunk, Pa. 14 3 21 50.29 48.74 1.55 49.46 0.33 49.79 
South Eaton, Pa. . 16 1 6 88.32 37.99 0.33 38.87 0.02 38.89 
Salem Corners, Pa. 9 0 O 48.39 48.39 0.00 47.21 06.00 47,21 
Bethlehem, Pa.......... 26 6 #23 44.06 42.19 1.87 43.17 0.48 43.60 
Coopersburg, Pa........ 47.29 46.48 0.81 47.67 0.07 47.74 
Wilkes-Barre, Pa....... 17. 4 #24 «40.28 38.84 1.44 39.57 0.35 39.92 
Honesdale, Pa.......... 13 3 23 45.64 41.75 3.89 40.42 0.89 41.31 
Belvidere, 1892-1904 11 327 «447.338 45.48 1.85 47.22 0,50 47.72 
River Vale, N. J........ 12 2:17 580.27 48.62 1.65 49.84 0.28 50,12 
Englewood, N. 5 2 4 52.22 49.70 2.52 51.61 | 1.01 52.62 
Paterson, N. J.. y 138 3 2@ 51.79 49.86 1.98 51.21 0.44 61.65 
Dover, N. 20 8 40 51.29 47.72 3.57 47.31 1.43 48.74 
Canton, 160 «66 8851.35 48.58 49.07 1.07 50,14 
Waterbury, Conn....... 15 8 53 50.78 46.82 3.96 46.62 2.10 48.72 
New Haven, Conn...... 7 18 6 33 45.29 42.73 2.56 42.35 0.84 43.19 
Hartford, Conn......... 1 6 4 51.24 48.28 2.96 47.79 1.18 48.97 
Hawleyville, Conn.. 6 38 5O 52.60 49.08 8.52 50.79 1.76 52.55 
Amherst, Mass.,........ 14 8 21 45.09 43.95 1.14 48.56 0.24 43.80 
Monson, Mass........... | 1890-1904 14 4 29 46.48 44.75 1.738 44.94 0.50 45.44 
Williamstown, Mass.... 1855-1904 35 14 40 89.39 37.27 2.12 37.30 0.85 38.15 
Manchester, Vt......... 1888-1904 6 1 17 48.96 43.33 0.63 41.95 | 0.11 42.06 
Jacksonville, Vt. ....... 1889-1904 13 8 62 48.06 43.58 4.48 44.92 2.78 47.70 
Kinderhook, N. Y...... 1830-1846 17 4 24 36.19 35.17 1.02 36.00 0.24 386.24 
West —, N. _Y.. 1843-1899 48 20 42 46.55 43.78 2.77 43.69 1.16 44.85 
Kingston, N 1829-1892 23 8 35 89.28 37.64 1.64 87.45 0.57 38.02 
N. 1900-1905 6 3 50 48.41 44.77 3.64 46.94 1.82 48.76 
ee a N. Y.. 1830-1899 24 11 46 38.09 36.16 1.93 37.71 0.89 38.60 
& aes 1829-1905 39 7 18 40.81 39.80 1.01 41.89 0.18 42.07 
Hudson, x. ¥ esnececses 19 5 2% 39.18 36.20 2.98 35.49 0.77 36.26 
Hartwick, N. Y.........! 14 2 14 87.31 36.63 0,68 35.56 0.10 35.66 
Hamilton, N. Y......... 19 4 21 34.12 383.26 0.86 32.93 0.18 33.11 
52 10 19 39.81 38.92 0.89 38.36 0.17 38.53 
13. 8 #23 «31.86 30.65 1.21 30.96 0,28 31.24 
Fairfield, N 42 16 81 36.69 34.90 1.79 8455 0.55 35.10 
Cherry \ V alley, N. Y.... 1827-1845 14 4 29 41.31 40.31 1.00 40.31 0.29 40.60 
eresccesseess 1890-1904 13 § 38 47.06 44.84 2.22 45.83 0.84 46.67 
Wappingers Fa Falls, N.Y. 1891-1905 15 5 33 50.36 46.60 3.76 48.13 1.24 49.37 
Middletown, N. 1891-19095 9 3 83 45.73 42.99 2.74 44.11 6.90 45,01 
Cortland, N. , a 1851-19055 24 7 29 41.21 39.33 1.88 39.53 0.55 40.08 
Mount Pleasant, “N. A 1831-1844 12 § 42 36.19 34.68 1.51 35.75 0.63 36.38 
Gloversville, N. Y 60 e0ee 1893-1905 13 3 23 44.31 43.32 0.99 44.78 0.23 45.01 
Binghamton, N. Y...... 1891-1995 15 2 18 84,00 33.50 0.50 34.60 0.07 34.67 
Montgomery, N. Y..... | 1828-1842 13 § 88 34.93 82.77 216 32.45 0.82 33.27 
Liberty, N. REM 1 13 7 54 47.11 44.57 2.54 45.56 1.37 46.93 
Greenwich, N. Y.... 7 +O © 87.72 87.72 0.00 46.42 0.00 46.42 
Lake Hill, 'N. 3 1 838 49.04 48.62 0.42 52.73 0.14 52,87 
. St ea 9 2 22 39.40 38.54 0.86 41.42 0.19 41.61 
Catskill, N. 38 88.46 38.46 0.00 38.46 0.00 38.46 
Middleburg, 8 38.12 38.12 0,00 35.80 0.00 35.80 
Windham, N. Y....... 6 3 SO 40.74 37.70 3.04 38.84 1.52 40.36 
South Hartford N. YY... 1864-1878 12 § 42 41.13 38.13 3.00 36.50 | 1.26 37.76 
Lausingburg . ¥. .... 1826-1846 20 9 45 33.45 31.48 2.02 31.75 0.91 | 32.66 
Glens Falls, N. ¥ 1879-1905 26 6 23 37.65 36.30 1.35 36.68 0.31 | 36.99 
South Kortright, §. N. ¥.. 1889-1905 14 2 14 389.79 39.38 0.41 40.03 0.06 40.09 
West . 1993-1905 3 0 OO 384.05 34.05 0.00 36.78 0.00 36.78 
Red Hook, 192-1908 2 0 58.09 58.09 0.00 51.67 0.00 51.67 
Port Jervis, N. Y. ..... 1890-1905 16 3 19 48.99 47.65 1.34 48.71 0.25 48.96 
North Salem, i Eitséen 1830-1859 22 10 45 41.34 39.91 1.43 39.91 | 0.64 40.55 
Carvers Falls, N. Y..... 1899-19955 6 0 0 385.42 365.42 0.00 387.55 0.00 37.55 
New Lisbon, N. 1891-19095 15 38 20 40.16 39.35 0.81 40.64 0.16 40.80 
8 1 88 40.05 37.93 2,12 39.10 0.70 39.80 
5 1/20 43.94 42.43 1.51 438.46 0.30 43.76 
3 0 O 88.61 38.61 0.00 41,64 0.00 41.64 
12 6 5O 80.97 47.48 3.54 48.48 | 1.77 50.25 
20,10 50 36.08 34.01 2.07 34.01 1.04 35.05 
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In order to show that the isohyetal lines as drawn on the 
watersheds differ but very slightly from the most probable 
values of the rainfall at each of the stations, three diagrams, 
figs. 2, 3, and 4 are submitted. 

Fig. 2 shows what may be ‘called a vertical section north 
and south along the Hudson River, from New York to Troy. 
On this diagram are plotted the observed values of the rain- 
fall and also the values as read from the isohyetal lines on the 
map. It will be noted that the greatest difference occurs at 
Catskill, where it amounts to 8 percent. Fig. 3 may be called 
a vertical section east and west, approximately thru Bingham- 
ton, N. Y., on the west, and Amherst, Mass., on the east. The 
greatest difference between the observed rainfall and that 
from the isohyetal lines again occurs at Catskill, where the 
difference is again 8 per cent. In fig. 4, which is a section 
east and west thru Towanda, Pa., on the west and Hart- 
ford, Conn., on the east, the greatest difference is shown to be 
less than 3 per cent. Where the words “observed rainfalls” 
are used in these figures and in the foregoing description, it 
must be remembered that they are the observed rainfalls as 
modified in the manner hereinbefore described. 

In order further to justify the isohyetal lines as drawn on 
the map submitted herewith, a tracing was made showing as 
points only the positions of those stations having records of 
fifteen years or more in length, and the isohyetal lines were 
drawn among them strictly as a problem in contours. The 
results so obtained differed in no essential particular from 
those obtained by drawing in the lines and giving considera- 
tion to all records, no matter what their length. As a test of 
the method this was a particularly severe one, and the close 
agreement was a matter of much gratification. 

As indicating, in a general way, the correctness of the result 
for the most probable value of the mean rainfall on the Esopus 
watershed, the following table showing the average rainfall 
for the Esopus as given by the average of seven gages, and as 
deduced from the New York and Albany records, has been 
prepared. It covers a period of butsix months, and can there- 
fore be considered as having a minor value only. It is offered, 
however, for what it many a worth. 


Station. | Total 

Oct. | Nov. Dee. | Jan. | Feb. | Mar. | 
Inches, | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 
2. 38 1.49 1,36 0.97 2.09 2. 54 10. 83 
167| 3.67; 298| 257) 5.58| 19.14 
Esopus, observed. . 230 374, 2.78 2. 35 4.78 20. 07 
Esopus—New York... 1. 67 3. 67 2.98 2.57 5.58 19,14 
Esopus—Albany..... . 1,73 1. 58 1,18 2. 42 3. 06 12. 68 


The theory has been advanced that the rainfall of these 
watersheds is large, owing to their comparatively great eleva- 
tion. We believe that there is a zone of large rainfall which 
is the result of the influence of the mountains, but we believe 
also, on the contrary, that the watersheds under consideration, 
with the possible exception of Rondout, are outside of this 
zone. This is evidenced by all of the rainfall records now 
available, and would appear to be due to the cooling of the 
storm winds to below the dew-point before the mountain slopes 
are entirely reached, i. e., the mountain influences make them- 
selves felt before the mountains themselves are reached by 
the storm winds. Precipitation is thus begun before the 
winds have traversed the high lands, and the zone of greatest 
rainfall lies around and not on or beyond the higher elevations. 

We believe that the values of the probable mean annual 
rainfalls on the Catskill watersheds as derived in this discus- 
sion are the best that can be deduced from any data now 
available or in existence. 

The values of the most probable mean annual rainfall on 
these watersheds having been determined and the actual most 
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Fic. 1.—Map of the Catskill Mountain region and vicinity, showing by isohyetal lines the probable mean annual rainfall. 


probable values of the rainfall at other points being known, it 
became easy to transfer their yearly rainfalls to each of the 
watersheds. Thus for the Esopus, where the rainfall is 44 
inches, it can be said that the rainfall in any year was 44/38 
of the rainfall during that year at Albany, or that it was 44/47 of 
thaton the Croton watershed; 38 and 47 being the most prob- 
able values of the mean annual rainfall at Albany and on the 
Croton. 

This method is probably of reasonable accuracy, but we de- 
sire to point out that it is not entirely satisfactory, inasmuch 
as it transfers the local characteristics of the rainfall at Albany 
or on the Croton to the locality being studied. We believe 
that each locality has its own characteristics, but in the absence 
of any direct observations the method followed is the best 
available. 

RUN-OFF. 

The run-off from a watershed is the water that appears in the 
stream which drains the watershed and becomes available for 
use. It is the difference between the rainfall and the evapora- 
tion, if in this latter term there be included all water required 
by the vegetation, and also that required and used by all 
other natural causes. 


fats 


Fam 


Be 
3S <= — 
20 40 


100 420 
mid trom York Norphward | 
Fic. 2.—Rainfall values along a south-north line from New York to 
Troy, N. Y. 
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TABLE 2.—Deduced mean annual dependable York and Albany. 


Precipitation durin same | 
Meas period din vicinity of— Mean precipitation from— | Deduced 
Place. dependable 
record. record, secipitation | dependable 
precip: * New York. Albany New York. Albany. precipitation. 
| Years | Inches. Inches. Inches. Inches. Inches. Inches. 
Of Maw 1836-1905 44. O64, J. | 44. 07 
Croton watershed........ 1868-1904 37 46. 73 44. 98 36. 70 45, 55 . 26 45. 91 
Pe 1893-1905 13 47.71 45. 00 83. 98 46.73 51. 18 48. 95 
1889-1905 17 40. 12 44.99 34. 98 39. 29 41. 66 40. 47 
Pa 1866-1898 25 39. 00 44.77 87. 28 38. 42 38. 01 38, 22 
1866-1894 27 | 39. 80 44.44 37. 09 89. 48 39. 18 39. 30 
0000 1896-1905 10 35. 20 45,32 84,17 34. 24 87.41 35. 82 
1857-1905 26 43,71 46. 09 85. 60 41.91 44. 55 43, 28 
1890-1905 14 48. 74 44. 30 34. 40 47. 41 51. 52 49. 46 
1890-1905 16 38, 32 44.97 34,68 87.57 40. 16 38. 87 
1870-1899 9 48. 39 45. 10 37.33 47. 30 47.12 47.21 
1878-1903 26 42.19 44. 93 36. 35 41. 40 44. 93 43,17 
Coopersburg, _ RE 1890-1900 11 46,48 44. 43 84. 51 46.38 48. 97 47.67 
Wilkes-Barre, Pa : 1885-1905 17 38. 84 44.78 34. 41 88. 18 41, 01 39. 57 
es socckebhecsanaiiectnsencaks 1892-1904 11 45, 48 43, 85 33. 92 45.71 48. 74 47. 22 
1886-1905 20 47. 72 45.78 35. 67 45. 97 48. 65 47. 31 
Honesdale, 1882-1894 13 41. 75 46.01 37.138 40. 00 40. 85 40, 42 
1893-1904 12 48. 62 45. 04 33. 99 47. 357 52,11 49, 84 
Kinderhook, 1830-1846 17 35. 52 |. 36,00 36. 00 
West Point, N. Y ; 1843-1899 48 43. 78 44. 29 | 36, 36 43. 60 43. 78 43. 69 
Kingston, N. Y. 1829-1892 2B 87. 45 87. 45 
Cooperstown, 1854-1905 52 38. 92 45. 42 36. 26 37.79 38. 92 38. 36 
Granville, N. Y 1835-1848 13 30. 96 80. 96 
Fairfield, N. Y 1828-1848 16 34. 55 34. 55 
Cherry Valley, N 1827-1845 14 40. 31 40. 31 
Englewood, aaae 1896-1904 5 49. 70 44. 65 33. 52 49, 20 54, 02 51.61 
1890-1904 13 44. 84 44,90 34.17 43. 96 47. 70 45. 83 
Canton, Conn 1889-1904 16 48. 53 45. 02 34. 98 47. 58 50. 55 49, 07 
Waterbury, ts 1889-1904 15 46, 82 45. 29 35. 46 45. 46 47.78 46. 62 
1887-1904 18 42. 73 45.77 35. 76 41, 09 43. 60 42,35 
1888-1904 15 48.28 45. 96 35. 69 46. 42 49. 16 47.79 
1887-1904 14 43, 95 45. 68 35. 51 42. 26 44. 85 43. 56 
Wappingers 1891-1905 15 46. €0 44. 63 33. 86 46.14 50. 11 48. 18 
1891-1905 9 42. 99 44. 65 33. 35 42,57 45. 65 44.11 
1889-1904 13 44.19 44, 92 34. 41 43. 82 46, 52 44. 92 
1891-1905 15 33.50 44, 62 33. 86 33.17 36. 02 34. 60 
death 1851-1904 | 13 44. 57 44.96 34,21 43, 70 47.41 45. 56 
1898-1905 | 7 46. 51 46. 51 34. 60 43, 88 48. 96 46. 42 
Lake Hill, 1908-1905 3 48. 62 44. 76 30. 78 48.14 57.32 52,73 
1892-1904 13 49. 86 44. 68 84. 05 49. 37 53. 04 51.21 
Oneonta and Bloomville, N. Y 9 38. 54 44.06 31. 64 88. 54 44,30 41,42 
Catskill, N. Y.......... sine ale pink om 3 38. 46 44. 26 36. 16 38. 46 38. 46 38, 46 
3 38.12 46. 50 39. 02 35.96 35. 63 85. 80 
6 37. 70 45. 62 33.08 36. 25 41. 43 388, 84 
South Hartford, N. Y.................0.0 see 12 38. 13 46, 96 27. 59 35. 97 37. 02 36, 50 
Lansin gburg, N 20 31. 75 $1. 75 
Glens Falls, PRE 26 36. 30 44.46 35. 20 35. 94 87. 42 36. 68 
South Kortri “14 39. 38 45.04 34. 89 38.61 41. 45 40. 08 
akin 3 34. 05 44. 76 30.77 33. 50 40. 05 86. 78 
2 53.09 47.51 35. 78 49,17 54.17 51. 67 
16 47.65 | 44.91 34. 20 46. 72 50. 69 48. 71 
14 44. 90 | 45. 22 35.17 43.59 46, 29 44.94 
Hawleyville, Conn... ....... ; 6 49.08 | 45. 52 33,35 47. 65 53. 93 50. 71 
15 39. 35 44. 62 33, 86 38. 96 42.31 40. 64 
5 42. 43 45. 94 83. 52 40. 80 46. 12 43. 46 
3 38.61 | 44. 76 30. 78 87. 85 45. 42 41. 64 
12 47. 43 | 44. 81 34, 20 46, 50 50,46 48. 48 
Williamstown, | 85 37. 27 45. 42 35.11 36. 18 88. 42 87. 30 
Kingston Reservoir No, 1, N 6 44.77 45. 62 33. 03 44. 73 49.15 46. 94 
J 
Observed 
= 
| from Lines| 
Fria. 3. —Rainfall values along a west-east line from Binghamton, N. Y., Z 


to Monson, Mass. 


Fia. 4.—Kainfall values along a west-east line from Le 
Hartford, Conn. 


Roy, Pa., to 
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TABLE No. 3.—Showing that the rainfall at any station within 100 miles of the Ashokan reservoir will, for 72 per cent of the time, vary from its mean by 
practically the same percentage as that at any other station also within the same distance 

Mean 
Stations. depend- | | 1827 1828 1829 1830 | 1831 1832 1833 1884 1835 1836 1837 | 1838 | 1839 1840 1841 1842 

abie. | | | 
| 
| | | | | | 
| 127 103 98 106 12 92| 87 109 | 108 
| 
| 100-99 102) 115) 116 104) 89 | 9x | 9, 9 9 97 | 92 | ” | 98 
| | | 
| | 1843 1844 | 1845 | 1846 1847 1848 | 1849 | 1850 | 1851 | 1852 | 1858 | 1854 | 1855 | 1856 | 1857 | 1858 | 1859 1860 1861 1862 1868 
$7.81 1390 87 109 102 112 117) «98 12 8698 112 
conn pans 4.71 7 83 78 128 73 «1120 119 
43.78 108 so 113) 125 108 104 91 102 98 10 110 9 112 
9 18 77 134 116 1066 87 110 98 118 
1864 1865 1866 1867 1868 1869 1870 1871 1872 1873 | 1874 | 1875 1876 | 187 1878 | 1879 | 1880 | 1881 1882 | 1883 | 1884 
| 37.31 | 75 98 | 92 102 | 116| 105 100/ 103| 88| 138 104 87 98) 106) 105 
| 43.71 109, 129/ 105 110) 133 104 97 87) 92) 111 #84) 88) 
43.78, 85) 93 90 108) 8 109, 97) 110) 105 102 92) 101| 110 95) 102 97) 77) 106 
38. 92 91) 83) 83| 96) 118, 85) 93) 9% 106, 94) 97; % 89) 10 78 
89.00 |...... % 97| 87 101; 82| 10) 85| 95| 89| 107 
| | 87 | 1038 | 100 101 | 102 | 98 | 106| 9% 101 92 | % 92 | 88 | 90 | 97 | 108 
| | 1885 | 1886 | 1887 | 1888 1889 | 1890 | 1891 1892 1898 | 1894 1895 1896 1897 1898 1899 1900 | 1901 1902 1903 1904 1905 
87.31 | 82 | 92 | 107 | 120 | 106 | 103! 94! 95; 90! 78| 82 102, 10109284 72 
43.71) 96 | 107| 107| 121 108 109) 87 121) 101) 82) 87) 108) 9% 108 108, 99 95 102 
$3.92, 86 8) 92) 98) 99 100) 106 111) 115) 118) 008 | 117 
Croton. . .. 60 102) 117) 10 116) 91) 95) 109) 101 109; 97 105 119 114 104 98 
4219) 85 | 105 | 100) 115) 121) 104) 85 | 95) 88 | 78 105) 105 127| 
| 42.72 |...... | 9) 98) 105) 100) 81) 110) 74) 93) 104| 101) 95 89 96 102) 101 
South Kortright 106 114) 96) 91 109) 89) 107 |...... 121; 100 92 97 
| 
| 106 | 15 107 12 | 100 | 108, 95 | 2 105 116) 108) 95 93 
| | 


In order to determine the run-off, then, it becomes necessary 
first to determine the evaporation, which is dependent in some 
measure on each of the following conditions: 

a.—The rainfall. 

b.—The extent of the watershed. 

c.—The extent of water surface on the watershed. 

d.—The barometric pressure. 

e.—The mean daily atmospheric temperature. 

f.—The mean annual atmospheric temperature. 

g.— The wind velocity. 

h.—The inclination of the watershed. 

i.—The geological character of the watershed. 

j.—The extent of forest area on the watershed. 

k.—The extent of cultivated land on the watershed. 

All these conditions, and possibly some others, operate to 
render the problem a difficult one, and as yet no successful 
attempt has been made to devise a formula which will apply 
to more than one or two certain watersheds. 

The following are the general laws of evaporation: 

1. All other things being equal, for a rainfall uniformly dis- 
tributed thruout the year, the evaporation will increase pro- 
portionally with the rainfall. 

2. All other things being equal, a heavy winter and a light 


summer rainfall will together show a small annual evaporation, 
and conversely. 

3. All other things being equal, the greater the watershed 
the greater will be the evaporation. 

4. All other things being equal, the greater the area of water 
surface on the watershed the greater will be the evaporation. 

5. All other things being equal, the evaporation varies nearly 
inversely as the atmospheric pressure, or, it varies also nearly 
directly as the altitude of the watershed. 

6. All other things being equal, the rate of evaporation is 
nearly proportional to the difference of the temperatures indi- 
cated by the wet-bulb and the dry-bulb thermometers. 

7. All other things being equal, the capacity of atmospheric 
air for moisture is approximately doubled for each 20° F. 
increase in atmospheric temperature; the evaporation will 
therefore be in some measure increased by an increase in 
temperature. 

8. All other things being equal, the evaporation varies nearly 
directly as the wind velocity. 

9. All other things being equal, the evaporation from a 
watershed will vary approximately inversely as the square root 
= the sine of the angle of its average inclination to the 

orizon. 
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10. All other things being equal, the evaporation from a 
watershed will vary nearly as the extent of the surface it 
exposes. The extent of the surface it exposes is nearly pro- 
portional to its area divided by the cosine of the angle of its 
average inclination. 

11. All other things being equal, the evaporation will vary 
nearly inversely as the porosity of the materials with which 
the watershed is covered. 

12. All other things being equal, the evaporation will vary 
approximately with the extent of cultivated land on the water- 
shed. 

13. All other things being equal, the evaporation will vary 
approximately inversely with the extent of forest area on the 
watershed. 

Vermeule in his report of 1894 to the geological survey of 
New Jersey made an extended study of the subject, and 
deduced an expression for the evaporation in which it was 
made to depend on the rainfall and on the mean annual 
atmospheric temperature of the watershed. This formula has 
been severely criticized by Rafter in his paper on “The rela- 
tion of rainfall to runoff”, U. S. Geological Survey Water 
Supply and Irrigation Paper No. 80, but the ground of the 
criticism, in view of the many causes which act to modify 
evaporation, appears to us to have no foundation. 

Vermeule’s formula is as follows: 

E= yearly evaporation. 
R= yearly rainfall. 
T= mean annual temperature. 
F= (0.05 T— 1.48) = factor = 1.00 for 49.7° F. 
E= F (15.50 + 0.16 R). 
In monthly form this formula becomes 


monthly evaporation. 

r= monthly rainfall. 

F'= factor as heretofore. 
January, e=F (0.27+0.10r). 
February, e=F (0.30+ 0.10r). 


March, e=F (0.48+ 0.10r). 
April, e=F (0.874 0.10r). 
May, e=F (1.87+0.20r). 
June, e=F (2.50+ 0.25 r). 
July, e=F (3.00+ 0.30r). 
August, e=F (2.62+4 0.25,r). 
September,e= F (1.63 + 0.20r). 
October, e=F (0.88+ 0.12r). 
November, e= F (0.66 + 0.10r). 


December, e= F (0.424 0.10r). 


E= F (15.50 + 0.16 R). 


While we do not agree with Mr. Vermeule in the manner of 
the determination of the factor to be used for any watershed, 
we do think that the shape of his formula, when put into the 
monthly form he proposes, could not easily be improved upon. 
The most striking feature of this formula is that it takes 
account of the effect on the evaporation of unequal distribu- 
tion of rainfall thruout the year. 

Mr. Vermeule in his formula made this factor dependent 
entirely on the mean annual temperature, on the assumption 
that, as the capacity of atmospheric air for moisture is ap- 
proximately doubled for each 20° F. increase in atmospheric 
temperature, therefore the evaporation would be doubled for 
each such increase in temperature. 

We do not believe that such is the case, and in support of 
this belief submit fig. 5, on which is plotted the percentage of 
rainfall evaporated for each of Rafter’s three seasons as given 
in his paper heretofore referred to, for the Croton, Pequan- 
nock, and Sudbury watersheds. The temperatures on which 
these percentages were plotted were obtained from the U. S. 
Weather Bureau publications. 

The remarkable parallelism of these lines indicates primarily 
the existence of a well-defined law, and secondarily, that the 
observations have been well made. The law defined by this 
diagram is that for each degree increase in temperature the 
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rainfall evaporated will be increased by very nearly 2 per cent. 
But it at once becomes apparent that the percentage increase 
in total evaporation will vary with the temperature, and we 
have plotted a curve as fig. 6 to define this variation. 
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Fic. 5.—Percentage of rainfall evaporated at different temperatures 
from the Croton, Pequannock, and Sudbury watersheds. 
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Fig. 6.—Variation of percentage increase of evaporation with change of 
temperature. 

The mean annual temperature on the Sudbury is 49° F. and 
on the coldest of the Catskill watersheds, 44° F. In fig. 6 
the increase in total evaporation between these limits aver- 
ages 3.2 per cent, and this is the value that we believe to be 
correct for these studies, rather than 5 per cent as proposed 
by Vermeule. 

Taking up now, in order, the general laws of evaporation, 
we see that laws 1 and 2 are fully provided for by the form of 
the expression we have adopted. Law 3 does not seem suscep- 
tible of adaptation to a numerical expression. Law 4 is easily 
provided for outside the formula by increasing the evapora- 
tion by the difference due to any increase in water surface. 

Law 5 can be adapted directly by assuming some watershed 
as a standard and stating that the evaporation from any 
other watershed will be inversely as the atmospheric pressure 
upon it. 

Practically no data are at hand concerning law 6, but it isa 
well-known fact that the air on the higher altitudes averages 
drier than on low lands, and we have therefore assumed that 
the difference in evaporation due to this cause (the dryness of 
the air) will be one-fourth that due to the difference occasioned 
by difference in barometric pressure and in the same direction. 

Law 7 has already been fully discust and the results stated. 

On account of the absence of any knowledge of wind veloci- 
ties, we are unable to apply the fact stated in law 8. It would 
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seem, however, that any difference due to this cause would be 
slight. 

Law 9 is here proposed by us as being an approximation to 
the reasonable belief that steep watersheds will yield a greater 

roportion of the rainfall than will comparatively flat ones. 
This statement was put into the above form on account of the 
not unreasonable analogy between the flow of water in a chan- 
nel and the flow both over the ground and in the creeks of a 
watershed. The steeper the watershed the more rapidly will 
the rain water run off, and therefore less time will be afforded 
the evaporation to reduce the volume. 

In order to apply this principle, it becomes necessary to 
define the words “ average inclination of the watershed ’’, and 
it seemed to us proper to assume that if the watershed were 
square its average inclination would be the difference in ver- 
tical height between its highest and lowest points divided by 
the diagonal of the square. Table 4 has been prepared with 
a view to indicating the difference in slope of the Croton, the 
Pequannock, the Sudbury, and the Esopus watersheds. The 
square root of the sine of each of their average inclinations 
has been determined. The average inclinations of the Croton 
and Sudbury are practically the same, and the inclination 
of the Esopus is twice as great as either. 

TABLE 4.—Mean slope of four wateraheds. 


Length of Mean si 
Watershed. Total dip. diagonal, | Angle. Sin. sin. 


° 

0 0156 125 
Sudbury........ 550 12,40 89 0 55 . 0160 126 
Pequannock . 900 11,00 164 1 4 . 0805 174 
Esopus ......... 3,800 22,47 339 3 41 . 0640 253 


As indicating the general correctness of this result, we quote 
from the report of the Commission on Additional Water 
Supply, page 234: 

“The table shows that the Esopus yielded from the floods 
after the great drought a proportion of the rainfall just twice 
as great as that of the Croton ”. 

While the method is therefore applicable to the heavy floods, 
it is of course entirely inapplicable to moderate rainfalls. 
Now one and one-half inches is a reasonably heavy fall of rain, 
and in each year in these latitudes there occur on an average 
about eight such rains, which aggregate about eleven inches, 
or about 25 per cent of the total yearly rainfall. We feel, 
therefore, that this principle is applicable to the extent of 25 
per cent of its full value for all cases. 

Law 10 is of little value, and has been stated only for the 
sake of completeness. 

Law 11 treats of the character of the soil. A watershed 
covered with loose gravel and sand will usually show a greater 
yield than one with a clay cover, as the rainfall sinks into the 
more porous material, and is in this manner largely protected 
against evaporation until it again finds its way into the streams 
thru springs or underground channels. All of the Catskill 
watersheds, with the possible exception of the Catskill, are 
fairly well covered with a loose rock covering on the moun- 
tain slopes, while the lower reaches of the valleys are filled 
with deposits of gravel. The intermediate lands are covered 
with an iceberg clay and do not afford much opportunity for 
water to penetrate into them. It does not appear to us that 
these watersheds are remarkable either for the presence or for 
the absence of opportunity for water to protect itself against 
evaporation by percolating into and thru the subsoil. In any 
event, it does not appear likely that this law could ever be 
numerically applied to a watershed. 

In order to bring these laws down to actual figures, it is 
now necessary that we have the characteristics of the water- 
sheds before us, and for purposes of comparison we have added 
also the same data for the Croton, Sudbury, and Pequannock 
watersheds. 
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Ave Average tem-| 
Watersheds. | Area. siti | rometer. perature, | Rainfall. 
sq. Feet. Inches. © | | Inches. 
Esopus.......... | | 1700 23.1 45 .253 
Schoharie ...... 228 2000 27.8 “4 160 | 41 
Rondout........ 131 1600 28.2 47 48 
Catskill . 163 | 1500 28.3 46 153 | 38 
Pequannock | 1100 28.7 48 174 | 
Sudbury ....... | 350 29.6 49 | "126 | 


Now, ender lew 5, if we assume the Croton as a stendeed, 
we find that the evaporation on each of the other watersheds 
will be as follows: 

Esopus...... 4.5 per cent greater than Croton. 
Schoharie. ... 6.5 per cent greater than Croton. 
Rondout..... 4.5 per cent greater than Croton. 
Catskill.. ... 3.5 per cent greater than Croton. 
Pequannock . 2.3 per cent greater than Croton. 
Sudbury..... 0.6 per cent less than Croton. 


Under law 6 and our assumption, we find that the evapo- 
ration will be as follows: 


Esopus...... 1.1 per cent greater than Croton. 
Schoharie.... 1.6 per cent greater than Croton. 
Rondout..... 1.1 per cent greater than Croton. 
Catskill...... 0.9 per cent greater than Croton. 
Pequannock . 0.8 per cent greater than Croton. 
Sudbury..... 0.1 per cent less than Croton. 


And under law 7 and our discussion of it, we see that the 
evaporation will be as follows: 


Esopus...... 12.8 per cent less than Croton. 
Schoharie. ... 16.0 per cent less than Croton. 
Rondout..... 6.4 per cent less than Croton. 
Catskill...... 9.6 per cent less than Croton. 
Pequannock. 3.2 per cent less than Croton. 
Sudbury..... 0.0 per cent less than Croton. 


Finally, under law 10 and our assumptions thereunder, we 
find that the evaporation is— 


Esopus ...... 25.5 per cent less than on the Croton. 
Schoharie.... 7.0 per cent less than on the Croton. 
Rondout. .... 17.2 per cent less than on the Croton. 
Catskill. ..... 5.6 per cent less than on the Croton. 
Pequannock . 9.8 per cent less than on the Croton. 
Sudbury. .... 0.0 per cent less than on the Croton. 
Now, summing up these differences, we have the following: 
| 
Watersheds. | Dryness. Tempera: Total. 
+4.5 +11 —12.8 —25.5 —82.7 
RRR +6.5 +1.6 —16.0 — 7.0 —14.9 
44.5 +11 — 64 —17.2 —18.0 
| +8.5 £—9%6 — 5.6 —10.8 
+2.3 +0.8— — 3.2 — 9.8 — 9.9 
ee | —0.6 —0.1 0.0 0.0 | — 0.7 


This indicates that these watersheds will yield of the rain 
which falls upon them more than will the Croton, by the fol- 
lowing averages: 

Esopus...... 33 per cent. 


Schoharie.... 15 per cent. 
Rondout..... 18 per cent. 


Catskill...... 11 per cent. 
Pequannock . 10 per cent. 
Sudbury..... 0.7 per cent. 


. Now in the formula we have adopted the evaporation is ex- 
prest in terms of the rainfall, and its factor for the Croton is 
100 per cent. The factors which the preceding discussion 
leads us to use for these watersheds are, then, the difference 
between 100 per cent and the greater percentage of yield of 
each as heretofore shown. 
The factors derived and used are the following: 

Esopus...... 0.67 

Schoharie... . 0.85 

Rondout..... 0.82 

Catskill...... 0.89 

Pequannock . 0.90 

Sudbury..... 0.993 


| 


1907 


That these factors so deduced “fit” the Pequannock, the 
Croton, and the Sudbury with reasonable accuracy is indicated 
by the following: 


Observed | Computed 


Watershed. Record, run-off, Factor, 
— — — 
| Inches. Inches. 

Average, 

1873-1908 22. 85 22.03 0, 993 
Pequannock 1908¢ (881.36 332.76 0.90 
1808 22. 93 24,82 1.00 

| 


Table 5 is also submitted as showing in detail the agree- 
ment of the formula with the observed values of the run-off 
on the Pequannock. 

TABLE 5.— Observed and computed run-offs of the Pequannock River by Ver- 
meule’s formula, with a temperature factor of 0.90. 
| | 


Run-off. Per vent of run-off. 
| Observed. Computed. Observed. Computed, 
49.73 32.79 28. 57 66 57 
44.62 28. 39 24.24 64 54 
36. 67 18. 97 17. 35 51 47 
ee ee 51. 89 30. 75 30. 05 59 58 
57.97 | 29.37 33.98 bl 59 
51,39 28. 98 30.17 56 59 
47.94 | 26. 88 26.93 56 
64. 69 31.94 40.47 49 63 
eee roar 60. 44 35. 73 $7.73 59 62 
64.79 46. 06 41.11 63 
Totals to end of 1903............ .... 881. 36 332. 76 58 58 


| 


Now, applying our formula to each of these watersheds, we 
find that on an average we may expect: 


| | 
| Evapora- 
Rainfall. | dee. | Run-off. 


Watershed. 
| Inches. | 

44 15.10 28. 90 65 
41 18.75 22. 25 54 
48 19. 00 28.00 58 
50 21, 15 | 28. 85 57 
47 23.02 | 23.98 
24. 46 21.54 47 


Diagrams submitted with the report of Mr. J. Waldo Smith, 
Chief Engineer to the Aqueduct Commissioners, dated Janu- 
ary 30, 1905, indicate very clearly that the Croton, with a 
storage of 250,000,000 gallons per square mile, will not safely 
sustain a draft of more than 325,000,000 gallons per day. 

The watershed of the Croton River, above the New Croton 
Dam, is 360 square miles, and the safe yield per square mile 
is, therefore, 900,000 gallons per day. 

Now it is safe to assume that in extremely dry periods the 
run-off will be 50 per cent less than in an average period, and 
on this basis, all other conditions being the same, the water- 
sheds being studied will yield the following percentages of 
the Croton normal yield: 


Esopus....... 12 8 per cent less than Croton. 
Schoharie... .. 25.6 per cent less than Croton. 
Rondout ..... 1.0 per cent greater than Croton. 
Catskill....... 38.2 per cent less than Croton. 
Pequannock .. 3.2 per cent greater than Croton. 
Sudbury...... 4.2 per cent less than Croton. 


And we have seen that owing to the natural features of these 
watersheds they will yield, for the same rainfall as on the 
Croton, the following percentages: 


Esopus....... 32.7 per cent more than Croton. 
Schoharie..... 14.9 per cent more than Croton. 
Rondout ..... 18.0 per cent more than Croton. 
Catskill....... 10.8 per cent more than Croton. 


9.9 per cent more than Croton. 
0.7 per cent more than Croton. 


Pequannock .. 
Sudbury...... 
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Now, combining these, we deduce finally that these water- 
sheds may be expected to have a safe yield, compared to the 
Croton safe yield, as follows: 


Esopus ....... 19.9 per cent more than Corton. 
Schoharie .... 10.7 per cent less than Croton. 
Rondout...... 19.0 per cent more than Croton. 
Catskill. ...... 27.4 per cent less than Croton. 
Pequannock .. 13.2 per cent more than Croton. 
Sudbury...... 4.9 per cent less than Croton. 


And, therefore, on astorage of 250,000,000 gallons per square 
mile of watershed may be expected to have a safe yield as fol- 
lows: 


Esopus....... 1, 080, 000 gallons per day per square mile. 
Schoharie ... 804,000 gallons per day per square mile. 
Rondout...... 1,070,000 gallons per day per square mile. 
Catskill 653,000 gallons per day per square mile. 
Pequannock .. 1,010,000 gallons per day per square mile. 
Sudbury...... 856,000 gallons per day per square mile. 


In connection with this report certain depletion diagrams 
[not reproduced here] were prepared. 

The first diagram shows the depletion of the proposed Asho- 
kan Reservoir when fed by the Esopus Creek, on the basis of 
the Albany rainfall records. It indicates that a draft of 
240,000,000 gallons per day from the 255 square miles of tribu- 
tary watershed could not well be exceeded without drawing 
down the reservoir to a considerable extent and for long 
periods. The maximum depletion shown is 40,000,000,000 
gallons, or 160,000,000 gallons per square mile of watershed. 

In the preparation of this diagram, as well as of all others, 
the formula as heretofore derived was employed, except that 
a factor of 0.75 was used instead of those deduced. This was 
done for the reason that it is not, at present at least, proposed 
to use the Ashokan Reservoir fed by the Esopus alone, but by 
the Esopus and Schoharie in combination. 

The factor for the Schoharie is 0.85, and that for the Esopus ~ 
0.67. In proportion to the area of these watersheds, the com- 
bined factor would be 

0.85 x 228=193.80 
0.67 x 255=170.85 


483 ) 364.65 ( =0.75 


Increase in evaporation due to reservoir water surface was 
provided for in the computations on which these depletion 
diagrams are based by assuming that the water surface on the 
Schoharie would be 1000 acres and on the Esopus 10,000 acres, 
and the corresponding corrections were made. 

The second diagram shows the conditions which would obtain 
in the Ashokan Reservoir when collecting from the Esopus and 
Schoharie watersheds under a draft of 410,000,000 gallons 
daily and on the basis of the Albany rainfall records. This 
diagram indicates a maximum depletion of 63,000,000,000 gal- 
lons, ora minimum necessary storage of 130,000,000 gallons per 
square mile of watershed area. It also shows that the com- 
bined safe draft from these two watersheds should not exceed 
425,000,000 gallons per day, or 880,000 gallons per square mile 

r day. 

“ the preparation of all the diagrams for the Schoharie, it 
has been assumed that the construction will be sufficient to 
divert all run-off up to and including that due to 7 inches of 
rain per month. For greater run-off than this but 80 per 
cent has been counted as becoming available. 

The third diagram shows the conditions which would exist 
in the Ashokan Reservoir when fed by the Esopus and Scho- 
harie under a draft of 410,000,000 gallons daily, but on the 
basis of the Croton rainfall records. The maximum depletion 
indicated under these conditions is 48,000,000,000 gallons. 

The fourth and fifth diagrams show the conditions which 
would exist in the Ashokan Reservoir when fed by the Esopus 
and the Schoharie when under a draft of 410,000,000 gallons 
daily, and on the basis of the New York rainfall records. 
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The maximum depletion indicated under these conditions is 
60,000,000,000 gallons. 

Actual gagings of the four Catskill streams under consider- 
ation have been made by the United States Geological Survey 
more or less continually since 1901. The results of these 
gagings are set forth in the various water supply and irriga- 
tion papers published by the survey. Unfortunately, no 
rainfall observations were made contemporaneously with these 
gagings. A careful examination of practically all of the 
gagings made by the Geological Survey in New York, New 
Jersey, Pennsylvania,and New England since 1902 has caused 
us to use them as a general guide only. 

CONCLUSIONS. 

Our studies, therefore, lead us to the belief that the most 
probable mean annual rainfalls on the Catskill watersheds are 
as follows: Esopus, 44 inches; Schoharie, 41 inches; Rondout, 
48 inches; Catskill, 38 inches. 


VARIATION OF PRECIPITATION IN THE ADIRONDACK 
REGION. 
By Aurrep J, Henry, Professor of Meteorology. Dated April 17, 1907. 

Mr. R. E. Horton, C. E., has worked out very clearly the 
relative distribution of precipitation in the Adirondack region 
for the five years, 1901-1905. The chart which accompanies 
Mr. Horton’s article ' shows a region of maximum precipitation 
(55 inches and upward) on the southwestern slope of the 
Adirondacks, particularly on the foothills in Lewis, Oneida, 
and Herkimer counties. 

The writer was recently engaged on a study of the average 
annual precipitation over the watershed of Lake Ontario, 
which includes a portion of the area considered by Mr. Horton. 
The epoch used in this work was 1871-1906, altho the record at 
a number of the observing stations covered a much longer time. 
It is possible, therefore, to compare the mean values for the 
lustrum 1901-1905 with those of the much longer epoch, 1871-— 
1906. Accordingly there will be found in the table below a 
statement showing the average annual precipitation for a few 
stations in the Adirondack region and contiguous territory 
for both the long and the short periods. 


Comparative averages of precipitation. 
Whole 
Length of Five years, | Depart- 
Stations. record. |,Perlod. | 1901-06. ure. 


Years. Inches. Inches. Inches. 


ined 40 36.3 44.3 +8.0 
40 41.7 50.7 +9.0 


It is clearly apparent from the above table that the lustrum 
1901-1905 was one of heavy precipitation in the Adirondacks; 
the greatest departure, about 22 per cent of the mean annual 
fall, occurred near the center of the region of maximum pre- 
cipitation hereinbefore mentioned. The writer has found else- 
where’ that the extreme variation in the interior of this conti- 
nent for a 10-year period is as high as 20 per cent. The varia- 
tion for a 5-year period in this country has not been deter- 
mined; in Germany, however, Dr. G. Hellmann* has found that 
the average maximum variation of a 5-year period for 14 stations 
in North Germany is 116 per cent, and for a 10-year period 
109 per cent. The maximum variation fora single station for a 
5-year period was 128 per cent, or 6 per cent greater than for 
the two stations in the Adirondack region, but the majority of 
the German stations showed a smaller variation. What little 
work has been done on this subject in the United States tends 
to show that the variation of the precipitation, especially in 
the interior, is greater than in England or Germany. 


1 Monthly Weather Review, January, 1907, Vol. XXXV, pp. 8-11. 
* Weather Bureau Bulletin D, p. 9. 
5’ Die Niederschlige in den norddeutschen Stromgebieten. 
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In conclusion it is proper to call attention to the fact that 
the chart of rainfall distribution compiled by Mr. Horton 
probably represents very closely the maximum amount of rain 
that may be expected for a 5-year period in the region under 
consideration. Readers of the Review should be careful, how- 
ever, not to be misled by supposing that the chart purports to 
give the average or normal values for the Adirondack region, 
such as would result from a century of observations. 


THE TEMPERATURE IN THE FRONT AND IN THE REAR 
OF ANTICYCLONES, UP TO AN ALTITUDE OF 12 KILO- 
METERS, COMPARED WITH THE TEMPERATURE IN 


THE CENTRAL AREA. 
By Henry Heim Crayton. Dated Blue Hill Observatory, Hyde Park, Mass., 


March 5, 1907. 

Within the two years between the summer of 1904 and that 
of 1906, a series of observations with ballons-sondes were ob- 
tained at St. Louis, Mo., under the direction of Prof. A. Law- 
rence Rotch, by Mr. S. P. Fergusson and myself. These small 
balloons carried light instruments recording temperature and 
pressure, and occasionally reached heights of 17 kilometers or 
about 11 miles. These are the only data of this kind gathered 
in America up to the present time, and are of much interest 
and value in their bearing on the problems of the upper air. 
One of the problems of great interest is that of the distribu- 
tion of temperature in cyclones and anticyclones. In a dis- 
cussion of these observations published by me in the Beitrage 
zur Physik der freien Atmosphare, Band II, Heft 2, 1906, the 
lowest temperatures (at the earth’s surface) in the anticyclones 
were found in the central and southeastern portions, but this 
distribution was so changed at the height of 8 kilometers that 
the lowest temperature was found in the northern quadrant of 
the anticyclone. The reverse of this statement is true in re- 
gard to the cyclone in which the highest temperature was 
found in the eastern quadrant at the ground, but in the north- 
ern quadrant at the height of 8 kilometers. This matter is 
one of importance in studying the mechanism of these meteors 
and I give in the accompanying Table 1 some of the results 
in the individual cases where anticyclones past centrally 
over the region surrounding St. Louis. In this table the 
temperature at any height on the day in which the maximum 
pressures occurred at St. Louis is taken as the standard for 
that height and the departures from this of the temperatures 
at the same heights for the day preceding and the day following 
are given in so far as the observations permit. In each case 
the observations were obtained in the evening within an hour 
or two of 7 p.m. The tracks of the centers of maximum pres- 
sure are given on an accompanying chart, fig.1. On this chart 
a circle of 300 miles radius (about 500 kilometers) is drawn 
around St. Louis, and it may be seen that all the given 
dates of maximum pressure at St. Louis are found within this 
area, while the dates of the preceding and following days are 
found outside the circle. In every case, except that of July 
24 and 25, 1905, the general direction of motion was from 
northwest to southeast, so that observations on the day preced- 
ing were in the southeastern half of the anticyclone and on the 
day following in the northwestern half. The amounts in the 
table showing how much the temperatures in the front and in 
the rear of the anticyclone differed from those in the central 
area are plotted graphically in the accompanying diagram, 
fig. 2, which shows that in general it is colder in front of the 
anticyclone than in the central area, up to about 8 kilometers, 
above which altitude it becomes warmer. Of the two cases 
where the temperature in the rear was compared with that in 
the central area, in one case, January 26, 1905, it was warmer 
in the rear up to about 6 kilometers, and in the other case, 
May 10, 1906, it was warmer in the rear up to about 10 kilo- 
meters. Above these heights the rear was colder than the 
central area. The most instructive case is that of May 8 to 
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TABLE 1.— Temperatures at successive altitudes within anticyclones; (a) temperatures on the day of maximum pressure at St. Lowis, Mo.; (b) the departures 
from these temperatures for the preceding day; and (c) the departures for the following day. 


Temperatures at altitudes above the earth’s surface. 
0 km 1 km. 2km 3km. | 4km. 5km. | 6km, 7km. | 8km. 9 km. | 10km. | 
November 26...... 772.7 — 2.9 — 8.9 17.3 —24.7 —31.8 — 39.7 —47.3 —52.8 | —528 
1905. | 
January 25........ 784. 6 —i1.1 —127 | —17.9 —18.7 22.5 —29. 8 —32.3 —40.6 —50. 1 8 
January 26........ 776.2 + 7.5 + 6.0 +10.1 + 8.1 + 5.9 + 4,8 — 2.6 —651 —67 
1 | | 
| July 24-25... ..... 765, 2 24.4 17.5 9.1 69 2.3 —27 | | | —828 | —425 |.......... 
763.0 0.6 —03 | +12 | —26 | -10 | —0.6 —2.2 2.3 — 1.7 
1906. J | 
769.0 15.0 10.5 | 1.2 — 6.8 —10.5 | —14.6 —21.1 | —29.3 —39.1 | —49.3 —53. 2 58,2 
769. 8 — 4.8 — 81 — 6.3 — 3,2 — 71 — 6.0 —2.0 | —07 | —Os + 2.9 + 5.7 | 6, 3* 
765. 3 + 5.0 +3.8 | +68 + 9.3 +47 +10 + 2.3 + 3.0 + 3.7 7.1 | + 1.8 — 5.8 
*Extrapolated; the temperature difference at 10.5 kilometers is 
2 3 4 6 7 8 9 40 “i /2 
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Fic. 2.— Departures of temperatures in front and rear of anticyclones 
from the temperatures at the same altitudes in the central area. 


Fia. 1.—Tracks of centers of anticyclones passing near St. Louis at times 
of flights of ballons-sondes from that city. 


10, when observations were obtained on three successive days, 
namely, when St. Louis was respectively in the front of the 
central area, within the central area, and in the rear of the 


17——-3 


central area of the anticyclone. The diagram, fig. 2, shows 
that, up to about 8 kilometers altitude, the temperature was 
lower in front and higher in the rear than it was in the central 
area; between 8 and 10 kilometers the central area was colder 
than either the front or the rear; while above 10 kilometers 
the lowest temperature was in the rear of the anticyclone and 
the highest in front, this condition being the reverse of that 
near the earth’s surface. 

The explanation of these facts which suggests itself to me 
is that the cold air in the northern part of the anticyclone is 
moving more rapidly than the anticyclone toward the south- 
east and, on account of its greater specific weight compared 
with the surrounding air, sinks toward the earth’s surface, the 
center of the anticyclone being about midway between the 
northwestern and southeastern limits of the inclined stratum 
of cold air. The circulation of air around a central area is 
confined to a stratum within about 2 kilometers of the earth’s 
surface. 

In the second diagram, fig. 3, are shown the movements of 
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the air at different heights both in anticyclones and cyclones, 
as derived from the observations of cloud movements at the 
Blue Hill Observatory. This is reproduced from the Beitrage 
zur Physik der freien Atmosphare, Band II, Heft 2, 1906, being 


Anticyciones Cyclones 
8k.m. 8k.m. 


Fie. 3.—Movement of the air at different heights in anticyclones and 
cyclones. 


slightly modified from the original diagram published in the 
Annals of the Astronomical Observatory of Harvard College, 
Vol. XXX, Part iv, 1896. 


BRIGHT METEORS. 


Many observers and correspondents of the Weather Bureau 
have been in the habit of sending us observations of bright 
meteors, but the observations have not been utilized as com- 
pletely as is desirable. 

The special interest meteors have for the meteorologist 
consists in the fact that their visibility, due to the heat gen- 
erated as they pass thru the atmosphere, demonstrates the 
existence of gases at great heights about which we otherwise 
have no information whatever; and it has always been hoped 
that the visible paths of meteors and the behavior of the trains 
that are often left behind them may tell us much about the 
upper atmosphere. 
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We are happy to state that, by permission of Prof. Henry A. 
Peck, the astronomer at the University of Syracuse, all good 
observations of meteors received by us will hereafter be for- 
warded to him, who will make the necessary computations and 
tell us whatever may be learned relative to their orbits. 

Every observer who reports a meteor is requested not to fill 
up his account with unnecessary verbiage, but state in a sim- 
ple, straight way, first, at what exact point in the sky the meteor was 
Last seen. This point may be defined either with reference to 
the stars or the moon or sun; or by horizontal angular bear- 
ings and vertical altitudes, such as are measured with engi- 
neering instruments; or by reference to certain trees, build- 
ings, or other marks, whose linear distances and altitudes are 
known, so fhat angular bearings and altitudes may be calcu- 
lated. One of the most convenient methods of estimating 
angular altitudes to the nearest whole degree consists in 
holding a graduated yardstick vertically at arm’s length. 
Record the distance from the eye and the vertical distance on 
the yardstick above the line drawn from the eye to the horizon, 
from which the astronomer can easily get some idea of the 
angular altitude. Having fixt the point of disappearance, 
then record as nearly as possible the point of appearance, and 
in fact several points along the path, such as the point where 
it crost the north-south line and the east-west line, and espe- 
cially the point where it approached nearest tothe zenith. By 
marking the shadow of a pole or of the corner of a building 
one may secure a good record of the path of a very bright 
meteor. Continuous photographic records of meteors are 
peculiarly desirable.—C. A. 


INTERNATIONAL AND LOCAL ORGANIZATIONS FOR 
THE PROMOTION OF SEISMOLOGY. 


The German Ambassador at Washington, and the United 
States Ambassador at Berlin, have officially announced to the 
Me og we of State, under date of March 7, that Prof. Luigi 
azzo has accepted and entered ‘upon his duties as vice- 
per) HP of the permanent committee of the International 
Seismological Association. The financial agent of this asso- 
ciation is the “ Aktiengesellschaft fur Boden-und Kommunal- 
kredit”, at Strassburg, to whom all subscriptions should be 
paid. The United States is a member of this association, and 
a small appropriation has been made by Congress for fees and 
the expense of the delegate. Prof. Harry Fielding Reid, of 
Johns Hopkins University, is the member of the permanent 
committee representing the United States. 

Two notable steps have been taken during the past year 
tending to a more definite and permanent organization of seis- 
mological interests in the United States. First, as a direct 
result of the California earthquake, the Seismological Society 
of America was organized, with headquarters at the University 
of California, Berkeley. The objects of the society are stated 
to be: 

“For the acquisition and diffusion of knowledge concerning 
earthquakes and allied phenomena, and to enlist the support of 
the people and the Government in the attainment of these 
ends ”. 

Prof. Geo. D. Louderback, of the University of California, 
is the present secretary. The other officers are: 

Board of Directors—1907. 

distin Davidson, President; Andrew C. Lawson, /st Vice- 
President; T. J. J. See, 2d Vice-President; Alex. G. McAdie, 3d 
Vice-President: J. N. LeConte, Treasurer; Chas. Burkhalter, 
W. W. Campbell, C. ‘Derleth, jr., G. K. Gilbert, A. O. Leusch- 
ner, J. S. Ricard. 


Scientific Committee. 
Andrew C. Lawson, Chairman; John C. Branner, G. K. Gil- 
bert, C. Derleth, jr., J. N. LeConte, A. G. McAdie, H. F. Reid. 
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The second important advance was made at the December 
meeting of the American Association for the Advancement of 
Science, when, at the instigation of Prof. W. H. Hobbs, of 
Ann Arbor, Mich., a committee on seismology was appointed. 
The gentlemen selected, who represent all sections of the 
country and the more important institutions likely to be en- 
gaged in seismological research, are as follows: L. A. Bauer, 
Carnegie Institution of Washington; W. W. Campbell, Lick 
Observatory; Major C. E. Dutton, U. S. Army; G. K. Gilbert, 
U. S. Geological Survey; J. F. Hayford, U. 8. Coast and Geo- 
detic Survey; W. H. Hobbs, University of Michigan; L. M. Hos- 
kins, Stanford University; T. A. Jaggar, Massachusetts Insti- 
tute of Technology; Otto Klotz, Ottawa Observatory, Canada; 
A. C. Lawson, University of California; C. F. Marvin, U. 5. 
Weather Bureau; W J McGee, St. Louis Public Museum; H. 
F. Reid, Johns Hopkins University; C. J. Rookwood, jr., 
Princeton University; and R. 8S. Tarr, Cornell University. In 
the preliminary organization of the committee Dr. G. K. Gil- 
bert was chosen chairman and Dr. W. H. Hobbs, secretary. 

Some of the objects in view in forming the committee on 
seismology in America are as follows: 

1. To be available for, and to initiate counsel in connection 
with, legislation which provides for investigation of earth- 
quakes or the means for mitigating their dangers. 

2. To bring into harmony all American and Canadian insti- 
tutions doing seismological work, and to guard against unnec- 
essary duplication of studies. 

3. To organize, if thought best, a correlated system of earth- 
quake stations, which should include the outlying possessions 
and protectorates. 

4. To advise regarding the best type or types of seismome- 
ters for the correlated stations. 

5. To disseminate information regarding construction suited 
to earthquake districts. 

6. To collect data regarding the light as well as the heavy 
shocks, and to put the results upon record. 

7. Tostart investigations upon large problems of seismology. 

8. To advise with some weight of authority when catas- 
trophic earthquakes have wrought national calamity.—C. F. M. 


THE METEOR OF MARCH 14, 1906, OVER CENTRAL 
NEW YORE. 


By Prof. Henry A. Peck. Dated Syracuse University, Syracuse, N. Y., May 1, 1907. 


_ About 8 p. m., March 14, 1906, a large meteor past over the 
western-central part of New York State. Press notices ap- 
peared in the majority of the daily papers between Rome and 
Buffalo. In an attempt to secure more reliable data requests 
were sent from the Central Office of the Weather Bureau to 
the officials in charge at Oswego, Ithaca, Syracuse, and Roches- 
ter, asking them to send all good accounts of the meteor, 
together with apparent angular altitudes and bearings. Scat- 
tering observations were obtained from the three first named 
stations. In response to advertisements in the Rochester 
papers, Mr. L. M. Dey, the local forecaster, was enabled to 
obtain a large amount of material which has been of great 
value in roughly outlining the territory over which the meteor 
was observed, as well as in determining the general character 
of the phenomenon. A complete list of those who have con- 
tributed to secure the following results is here given, the places 
of observation being arranged in order of longitude west of 
Greenwich: 

Henry B. French, Rome. 


J. W. Blood, Rome. 
L. W. Griswold, Oneida. 


Robert J. Purdy, Ovid. 

Floyd Thomas, North Rose. 
Louis H. Albright, Newark. 

J. A. Rose, Lyons. 

C. J. Andrews, Sodus Center. 
Fred Webler, Sodus Center. 
Professor LeRoy, Penn Yan. 
Olive R. Tobey, Penn Yan. 

V.C. Washburn, Clifton Springs. 


H. A. Peck, Syracuse. 

Jennie Whaley, Oswego. 
Olive E. Templeton, Oswego. 
F. R. Monk, Fair Haven. 

S. D. Colgate, Townsendville. 
Benjamin Christian, Wolcott. 
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F. T. Ellison, Rochester. 

8. F. Gould, Rochester. 

A. E. Benjamin, Rochester. 
Edgar Shantz, Rochester. 


F. W. Clark, Williamson. 
Rev. J. Menlendyke, Palmyra. 
J. Van Arsdale, Canandaigua. 
Mrs. Addie Eddy, Middlesex. 
©. D. Gilbert, Despatch. C.J. Trumeter, Rochester. 

B. A. Plimpton, Victor. Louis P. Hof, Rochester. 

Mrs. Jesse A. Wheeler, Holcomb.  F. W. Green, Rochester. 

Benjamin G, Wedd, Mortimer. H. H. Butler, Rochester. 

William B. Mason, Lima. Frank J. Schantz, Rochester. 
Jesse L. Vanderpool, Rochester. Milton J. Tripp, Rochester. 

L. M. Dey, Rochester. Mrs. H. H. Turner, Rochester. 

F.L. Hunt, Rochester. B. L. Pope, Rochester. 

Kate E. Collins, Rochester. Leman Gibbs, Livonia Center. 
Julia F. White, Rochester. George V. Witzel, Coldwater. 

H. B. McEnbee, Rochester. F. Hanford, Scottsville. 

Mrs. T. Tewilliger, Rochester. W.J. Stocum, Adams Basin. 

Mrs. F. B. Albro, Rochester. John Denton, M. D., Retsof. 

Mrs. Chas. T. Axelson, Rochester. Ames Belden, Albion. 

Mrs. George Heberling, Rochester. Georgianna A. Nichol, Medina. 
Adaline I. Jones, Rochester. Mrs. Thomas R. Griffith, Aurora. 
Katherine L. Hoyt, Rochester. Thomas Rooney, Lockport. 

Mrs. G. T. Le Boutillier, Rochester. F. A. Keltinger, M. D., Lockport. 

When it is remembered that the air-line distance from 
Rome to Lockport is over 160 miles, it is evident that the meteor 
was a remarkable object from a popular as well as from a sci- 
entific standpoint. 

The apparent path of the meteor thru the atmosphere began 
about 4 miles to the southeast of Geneva on the eastern shore 
of Seneca Lake, at an altitude of 70 miles above the surface of 
the earth. The time of flight was about five or six seconds, 
and it disappeared over Lake Ontario northeast of Manitou 
Point, about 8 miles from the nearest land. At first it ap- 
peared as a rosy red star of not inconsiderable brightness, but 
in the latter part of its flight various observers estimated its 
size as from that of quarter to the full size of the moon. The 
light cast at places near its path was evidently as strong as 
that of the moon, or, as one observer says, “the beam of a 
strong searchlight”. Some doubt might be cast on its having 
been one large, solid body from the fact that reports from 
places widely apart state that fragments seemed to leave the 
main mass and pursue separate paths. As suggested by 
Mr. L. M. Dey, official in charge of the Weather Bureau office 
at Rochester, this may be the cause of some of the conflicting 
accounts as to its course, some observers having seen frag- 
ments of the parent body. A trail that persisted for several 
seconds followed the flight. A number of observers report 
that it made a sound as of some heavy body rushing thru the 
air. After passing over Lake Ontario it exploded twice, the 
detonation being heard 40 miles, while within 25 miles the 
concussion was so great as to cause a slight shaking of houses. 
The sound at Rochester and vicinity is compared to the sound 
of distant cannon or blasting, or to the rolling of thunder.’ 

To obtain the orbit of such an object, using as the basis the 
conflicting observations and estimates of persons who, for the 
most part, are unskilled in such work, is no easy task. It 
must be remembered in the present instance that the greater 
share of the accounts were not compiled from notes made at 
the time of observation, but were compiled from memory about 
three weeks later. Under such circumstances the observer 
will often unconsciously and in perfect good faith prolong the 


true path in either direction. 


Our work falls into two divisions. We must first find the 
most probable path thru the atmosphere, assuming that path 
as a straight line, from which, in any event, it can not deviate 
very materially during the short time of flight. This straight 
line is fixt if we know its end, its length, and its direction. 
The known time of flight furnishes the velocity. The second 

1A great noise is sometimes heard shortly after a large meteor passes 
the observer, and as meteors are frequently seen to break into two or 
more portions such noises are spoken of as concussions or explosions, 
especially because they are so loud as to resemble cannonading. How- 
ever there is generally no explosion, properly so called, even when the 
noises are very loud ; and the exact mechanism by which the noises are 
produced is worthy of further study.—C. A. 
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part of the work is the computation of the orbit pursued by 
the body before it encountered the earth. This can be accom- 
plished by the well-known formulas of theoretical astronomy, 
provided we know the velocity and direction of its motion 
when it fell under the earth’s attraction. 

The end of the flight is very definitely fixt by the observa- 
tions made at Rochester. Mr. Vande l was making his even- 
ing observation at the weather station when the flash of light 
was noted by him at seven hours and fifty-six minutes, eastern 
time. He estimated that the detonation was heard ninety 
seconds later. This is confirmed by Kate E. Collins, who esti- 
mated the time as eighty-five seconds, and later verified her esti- 
mate by walking again the distance she past over between the 
flash and the subsequent report. This places it 18 miles from 
Rochester. Mr. L. M. Dey, the official in charge of the Weather 
Bureau office at Rochester, states that its course was nearly due 
north, and that the disappearance took place 20° above the 
horizon. This makes the geographic coordinates of the point 
of disappearance 

A= 77° 37’ west of Greenwich, 
g = 43° 24’ north, 
and the geocentric coordinates 
log. psin g = 3.434 
log. p cos ¢’ = 3.461 
the reduction of the latitude to geocentric position being eleven 
and one-half minutes, and the siderial time 
@= 108° 6’, 
while the height above the lake was 6 miles. 

This completely defines one point on the line described by 
the meteor. As soon as another point is found the direction 
of this line is also established. 

If one were at the place where a meteor fell to the ground, 
he would see it approach as a rapidly brightening and enlarg- 
ing object, but would not see it describe any apparent path 
on the sky. The projection of the straight line would be re- 
duced to a point, and this point from which it would seem to 
approach is called the radiant. It is apparent that the place 
where the meteor first encountered the atmosphere must be 
in the direction of the radiant. The apparent curve seen by 
an observer at any other station is the projection of the line 
joining the radiant and the point at the end of the flight. As 
the plane of this projection must always contain the line that 
is projected, the real path of the meteor must lie in the planes 
of all the apparent paths, i. e., it must be their common line of 
intersection. This is the underlying idea in Galle’s classical 
method of computing a meteor orbit. A corollary to this 
proposition is that the great circles of which the various ob- 
served apparent paths are arcs must have a common point of 
intersection. This point is the radiant, and its determination 
completely establishes the direction of flight. 

In the present case, after careful consideration of the obser- 
vations, I have chosen those made at Rochester and Syracuse 
as the basis of the computation. The Syracuse observation 
must have been made very nearly at the instant when the 
meteor entered the earth’s atmosphere. The azimuth was 67° 
west of south and the altitude was 60°. Since the point of 
disappearance is so well established we may abandon all obser- 
vations of this portion of the path and compute by well-known 
formulas the direction in which the meteor should have been 
observed the instant before extinction. As viewed from Syra- 
cuse this point had the coordinates 

Right Ascension = « = 9° 54’ 
Declination = = + 17° 9. 
and the azimuth and altitude of the point of first appearance is 
equivalent to 
78° 36’ 
a == + 26° 38’ 
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In order to find the plane of the great circle defined by these 
two points the requisite formulas are 
tan y sin (a' — /') = tan 0" 
tan ¢ — tan 4’ cos (a — a’) 
sin(a—a') 
where ; represents the angle between the plane of the great 
circle and the plane of the equator while /' is the right ascen- 
sion of the node. In the case of the Syracuse observation we 
have 


tan 7 cos (a' — I’) = 


y = 150° 33’ 
I’ = 153° 28’ 

The question as to whether the node is ascending or de- 
scending is settled by the fact that its general course was from 
south to north and the ambiguity as to the tangent of ; is 
removed by its course being retrograde in right ascension. 

Treating the Rochester observation in the same manner we 
have 

a= 288° 6’ 
d= + 66° 50’ 

Mr. L. M. Dey states that the meteor past Rochester a “little 
to the east of the zenith, and had an angular altitude of 60° 
or 70°”. Ihave preferred to take his estimate rather than 
any that I could form from the conflicting reports of observers, 
as he had a chance of interviewing persons soon after the 
meteor was seen. Reducing this estimate, 

a’= 140° 42’ 
+ 38° 19’ 
and, therefore, 
y = 79° 53’ 
I’ = 132° 38’ 

The fact that at Rochester the projection was to the east of 
the meridian changes the quadrant of ;. 

The mathematical condition that the radiant shall lie on the 
great circle is exprest by the condition 
sin /'sin y .cos ) cos A—cos /'siny.cos Dsin A + cosy.sin D= 0 


In the present instance we have two such equations and 
therefore A and D, which are the right ascension and declina- 
tion of the radiant, become definitely known. If more than 
two observations are used there arises a condition which must 
be solved along the lines of the least square method. If we 
place 

cotan D cos A= 4 
cotan D sin A= y 
the equations reduce to the form 
ar + by +ce= 0. 
For the two observations under discussion the equations are 
+ 0.206 © + 0.412 y — 0.887 = 0 
+ 0.7242 + 0.667 y + 0.176 =0 


and from the solution results 


A= 134° 26’ 
D=+ 9° 32’ 


- The direction of the line in space being found, its length 
may then be computed, which is 86.7 miles. 

The time of flight was estimated in Syracuse at from five to 
six seconds. This is confirmed by other observers. Assuming 
it as five and one-half seconds, the velocity thru the atmos- 
phere was 15.8 miles per second. 

The direction and velocity just found are not those that the 
meteor possest in space before it felt the attractive force of 
the earth. These must be found before the orbit with regard 
to the sun can be determined. The orbit described after the 
body has fallen under the influence of the earth is a conic sec- 
tion, whose focus is the center of the terrestrial sphere. The 
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apparent velocity differs from the true velocity also because 
the earth is itself in motion. When these two causes are 
taken into consideration the true radiant is found to be the 
point whose celestial longitude and latitude are, respectively, 
106° 2’ 
+3° 42’ 
and the true velocity is 31 miles per second. 

As will be noticed, the velocity is about 20 per cent in ex- 
cess of that to be ascribed to parabolic motion, and places the 
meteor in the hyperbolic class. I am perfectly aware that the 
burden of proof rests upon the person that assumes hyper- 
bolic velocity for cosmic bodies, but as the assumption of a 
parabola would prolong the time of visible flight by two sec- 
onds, I have preferred to retain the velocity as above given. 
Computing the elements by the known formulas of theoretical 
astronomy we have 


Longitude of ascending node 351° 31’ 
Inclination to ecliptic 4° 0’ 
Longitude of perihelion 209° 1’ 
Logarithm of perihelion distance 9.9434 
Eccentricity 1.696 


If one is disposed to reject the hyperbolic velocity from gen- 
eral principles, the orbit is not varied more than might easily 
arise from the uncertainty of the observations, and there 
results 


Longitude of node 351° 31’ 
Inclination to ecliptic 2° 58’ 
Longitude of perihelion 206° 21’ 
Logarithm of distance 9.9597 


COOLING BY EXPANSION AND WARMING BY COM- 


PRESSION. 


By CHARLES EMERSON Pert. Dated Lewis Institute, Chicago, Il. 
(Reprinted from School Science and Mathematics, April, 1907, page 263.) 


The following method of cooling by expansion and conden- 
sation of the water vapor of the air into a visible cloud of 
water particles may be of interest to instructors in physi- 
ography. It is a method which I have used with success for 
several years. The apparatus necessary is: (1) an air pump. 
(2) a bell jar. (3) a bottle with a snug fitting cork, coated 
with vaseline. The bottle is corked and placed under the bell 
jar and the air is exhausted from the bell jar. The cork is 
pushed out of the bottle by the air inside. The sudden ex- 
pansion causes cooling enough to condense the water vapor 
into a cloud which remains visible for a considerable time. 
Slow leakage of the air into the bell jar may produce warm- 
ing by compression enough to reevaporate the water. This 
warming by compression is made more striking if the bell jar 
is provided with a stop-cock by which the air may be admitted 
more rapidly and in a manner which is apparent to the class. 
The success of the experiment varies with the humidity of the 
air, but under the most unfavorable circumstances it is never 
an entire failure. The size of the bottle to be used and the 
force with which the cork should be forced into it can easily 
be determined by trial. The cloud in the bottle may be made 
more clearly visible by proving it with a proper background. 


ESPY’S ‘NEPHELOSCOPE. 


The experiment above described by Professor Peet implies 
the use of an air pump, whereas the following method, which 
has often been used by the Editor, not only requires no ex- 
pensive apparatus, but has several other advantages. A bottle 
(A) properly corked, has inside of it an ordinary elastic-rubber 
toy balloon (B), which, when but slightly distended, occupies 
only two or three cubicinches. A glass (or preferably a rub- 
ber) tube enters the mouth of the balloon, and also passes out- 
ward air-tight, thru the cork. On blowing thru the tube, or 
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forcing air by any other method into the balloon, the latter 
is distended, and of course the air within the bottle is com- 
prest. Wait until this comprest air has lost its warmth, which 
it quickly does by conduction and radiation to the sides of 
the bottle, then remove the finger from the rubber tube and 
allow the comprest air of the bottle to push the air within the 
balloon outward thru the rubber tube. The work done by 
this expansion cools it enough to produce the most delicate 
cloud of condensed vapor, which is visible until the radiation 
of heat from the sides of the bottle evaporates the globules of 
water. The experiment may be repeated over and over with 
the same air always in the bottle; and if a thermometer be 
added, together with some way of measuring the volume of 
comprest air, then really instructive computations may be 
made. Ifa little water be kept in the bottle, but outside the 
balloon, we may arrange so to deal always with saturated air, 
and the haze will be more easily visible to a large class. If 
no water be present then we have to deal with unsaturated air, 
and may make a large variety of experiments. 

One of the first phenomena that the teacher and scholar 
will note is the fact that after a few trials it becomes more 
and more difficult to secure any visible haze. This is the 
phenomenon first recorded by Espy, and was a mystery to 
him and everyone else until Aitken showed that vapor con- 
denses most easily on minute solid nuclei, and by its weight 
carries them to the bottom or sides of the jar, where they | 
stick fast, so that after a few trials no more nuclei remain. 
Then comes the phenomenon first studied by C. T. R. Wilson, 
of Cambridge, England, who showed that in dustless air a- 
greater expansion and therefore a greater cooling is necessary 
in order to produce visible globules. This may lead us on to 
the consideration of ions, if the scholar is far enough advanced 
for the subject. At least it is proper to call his attention to the 
fact that the interior of a cloud is dustless, and that here 
greater expansion seems to be necessary, and consequently 
greater cooling, and that therefore a greater liberation of 
latent heat occurs within the interior of a thundercloud than 
in that same air when it first rises high enough to become 
cloudy. 

Instead of water one may introduce other liquids into the 
experimental bottle, which is in fact a modification of Espy’s 
single nepheloscope, and may thus experiment upon carbonic 
acid gas, the vapors of alcohol, ammonia, etc. 

The double nepheloscope devised by Espy may be imitated 
by connecting two clear glass bottles (C) and (D) by means of 
two rubber tubes to a central bottle or receiver (E), from 
which the air can be exhausted. By a spring clip close one 
tube so that the air may be exhausted from the receiver (E) 
and one bottle (C), while not exhausted from the other bottle 
(D). Then remove the clip from (D) and allow its air to pass 
over into (E) and (C). The student will be surprised to find 
that no cloud is formed. This experiment troubled Professor 
Espy very much about 1850, as he had up to that time been 
reasoning on the general principle that the atmosphere is 
cooled by the act of expansion, but here he evidently had 
expansion without cooling. It was Prof. William Thomson, of 
the University of Glasgow, now Lord Kelvin, who, by his work 
on thermodynamics, first gave the true explanation, namely, 
that it is not the mere expansion that produces cooling but 
the work done by expansion. When the air expands from 
(D) into the vacuum (E) and (C) there is no work done except 
the moving of about one-half the mass of air in (D) over into the 
empty jars (E) and (C), and the cooling is too slight to ws 
a visible haze; it was, in fact, too slight for Espy to measure 
with his most delicate thermometer. On the other hand, when 
the comprest air in the bottle (A) pushes the air in the bal- 
loon (B) out into the open air it is doing heavy work by push-° 
ing against the outside atmospheric pressure, just as does the 
steam in the cylinder and boiler of an engine.—C. A. 
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METEOROLOGICAL STATIONS IN SOUTHERN RHODESIA. 

The organization of an independent meteorological service 
in Southern Rhodesia appears to have begun in 1901. Pre- 
vious to that year the few stations in existence reported their 
results directly to the Meteorological Commission of the Cape 
of Good Hope. The reports for 1901, however, were collected 
by the government statist at Salisbury and forwarded by him 
to Cape Town for publication in the annual report of the 
Meteorological Commission. Nineteen stations of all orders 
were then in operation. With 1903 began the publication of the 
annual “ Report on Meteorology by the Statist ’’, devoted exclu- 
sively to the meteorology of Southern Rhodesia. This has since 
appeared regularly, except for a gap of one year, ending March 
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31, 1905. Concurrently, results from Southern Rhodesian sta- 
tions have been published annually in the Report of the Mete- 
orological Commission of the Cape of Good Hope. 

Mr. J. S. Blackwell, acting statist, has been good enough to 
send the writer a manuscript map showing the location of all 
meteorological stations in Southern Rhodesia at the beginning 
of the year 1907. This is reproduced in a somewhat simplified 
form in fig. 1, herewith, and supplements in an important man- 
ner the published reports of observations in the colony, as 
several of the stations are located at places not shown on any 
of the ordinary maps of Southern Rhodesia. Of the 48 stations 
shown on this map only three—Bulawayo, Salisbury, and Hope- 
fountain—have been in operation ten years.—C. F. 7. 


PORTUGYESE 


TERRITORY 


30°E of Greenmch 
Fia 1.-—Map showing location of meteorological stations in Southern Rhodesia, January 1, 1907. 
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A CLOUD BANK AT SEA. 


The Chief of the Division of Ocean Meteorology contributes 
the following extract from a record lately received by him: 

At 2:30 a. m. of March 14, in crossing the North Sea from Copenhagen 
to North Shields, we witnessed a phenomenon of which I give you the 
following account: 

Throughout the whole night it had been snowing heavily. At the 
above-named time we saw about a mile ahead of us (the ship’s course 
at the time being SW. by W. 4 W.), lying on the water and rising to the 
height of the ship’s rail, a sharply defined bank of clouds or some other 
object, having perfectly square edges, and extending from SW. by W. 4 W. 
to WSW., the remainder of the horizon being quite clear. Unable to 
decide what the object was, we brought the ship’s head to WNW., and 
left it on our port beam. Immediately afterwards it started to blow very 
hard. Neither the chief officer nor myself had ever seen anything like it 
before. Barometer at the time 29.47 inches, wind WNW., force 4 to 5, 
and then increasing.— Brilliant (Ger. 8. 8.), Schroeder, report by Third 
Officer Leidhold. 


NORMALS IN WEATHER BUREAU RECORDS. 


A correspondent addresses the Chief of Bureau as follows: 


Kindly inform me what is the standard for normals of pressure, tem- 
perature, and rainfall referred to in Table I of the MonTHLY WEATHER 
Review. I presume that it is the mean of certain periods accepted as 
normal. If so I should like to learn of the locus and length of these 
periods, and whether the application of the + or — departure to or from 
the monthly record is supposed to give the normal as a result. 

In reply, the Division of Meteorological Records states that 
the values used as normals are the averages of all observations 
available from the beginning of record at the respective 
stations to the time the values were completed and put in 
operation. The normals of pressure now in use cover the 
period from 1873 to 1899, inclusive. Some stations contain 
the full 27-year record while the values for other stations are 
based on shorter periods. For temperature and precipitation 
the value used as normals cover the period from 1871 to 1895, 
inclusive. Some cover the entire period of twenty-five years, 
while at others the values are for shorter periods depending 
upon the dates upon which observations began at the several 
stations. As a rule normals are not prepared for stations 
having a record of less than ten years. 

In computing these normals no attempt has been made to 
reduce the values at stations having shorter records to corre- 
spond with those covering the full period of years. 


A PLEA FOR THE TEACHING OF METEOROLOGY. 
By R. H. Curtis, Esq. 
[Reprinted from Symons’s Meteorological Magazine, November, 1906. } 


The growth of an intelligent interest in meteorology on the 
part of the general public is manifesting itself in several ways. 
One very unmistakable sign of it, which everyone may note, is 
to be found in the amount of attention which is now paid to 
the subject of the weather by the daily press, and particularly 
to the forecasts of the weather published every morning. Not 
so very long ago there were comparatively few people who 
troubled themselves to look at these forecasts at all, and the 
majority of those who did do so regarded them as little more 
than guesses, generally good guesses, perhaps, because they 
were understood to have been made by people who had given 
more than ordinary attention to the subject, and presumably 
had by dint of long practice acquired more skill in reading 
the signs of coming changes in the weather than ordinary folk 
possessed; but they were rated as guesses nevertheless, with 
no more really scientific basis than existed for the predictions 
of “Old Moore”’.' But to-day the change is great. The fore- 
cast is the first thing looked at by thousands of men and 
women when they open their morning paper at breakfast, or 

Mr. Curtis here refers to a famous almanac published in the seven- 
teenth century. — Epiror. 
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in the train, or on their way to business; and these forecasts 
are treated with respect as being scientific deductions from 
observed conditions of the atmosphere, considered in relation 
to the laws, as far as they are known, by which the movements 
of the atmosphere are governed. That is the gist of the re- 
ply which probably the majority of those who study the fore- 
casts would make if asked to give their opinion about them, 
although, likely enough, very few could go a step further and 
give even the most elementary account of the laws themselves. 
It is, however, a step in advance that the public mind is be- 
ginning to accept the fact that there are any “laws” at all in 
the matter, and to recognize that the daily sequence of weather 
is not simply fortuitous, the result of the purest chance. When 
so much is admitted, a desire on the part of many to get some 
sort of acquaintance with the laws is sure to follow, and the 
day when all ordinarily well educated people will possess at 
least some elementary ideas of a sound nature about meteor- 
ology will thereby be brought considerably nearer. 

But signs of the spread of this spirit of enquiry are not 
wanting even now, and its progress would seem to be more 
real than possibly many meteorologists suppose. Indeed it 
may not be amiss to express the hope that some meteorologists 
may themselves be stirred to acquire a better knowledge of 
the theoretical side of the subject than they already possess, 
for itis not an unknown experience to meet with men who 
make daily observations of the barometer and of temperature, 
who have a rain gauge, and know all about the rainfall of the 
district in which they live, and who locally have the reputa- 
tion of being “ meteorologists’, but who nevertheless would 
be sorely puzzled if asked to describe a typical “depression ”’, 
or to explain what is known as “ Buys Ballot’s law ”. 

Anyone passing the Meteorological Office in Victoria street 
might see at almost any time in the day people stopping at 
the door, not merely toscan the forecasts exhibited there, but 
also to study the charts hung by their side, upon which the 
forecasts are based. Not infrequently when friends are ex- 
amining these charts together, an interesting discussion, or 
perhaps explanation, may be heard regarding the relation of 
the forecast to the conditions indicated by the chart; it is not 
always that these explanations proceed upon orthodox lines, 
although frequently they do; but, be that as it may, they show 
that the broad principles of the subject are receiving some 
attention, and to that extent they are welcome indications of 
progress to all who are interested in the furtherance of the 
study of meteorology. 

Another and still more promising indication of progress 
may also be noticed at the door of the Meteorological Office, 
at a particular part of the day, when the students from a 
neighbouring training college for schoolmasters going for, or 
returning from, their daily walk, gather in small groups round 
the charts, discussing the sequence of changes shown during 
the past few days, and sketching in their note books the 
present distribution of pressure and temperature, and the 
wind circulation, with a view to subsequent class lectures on 
the subject. In the direction which this fact indicates lies, we 
think, the great hope of popularizing the science of meteor- 
ology. Hitherto it has been almost entirely omitted from the 
curricula of our schools, and from the training of the teachers. 
Smatterings of it have found their way into that olla-podrida 
of the sciences which under the name of “ physiography ” has 
for years been a favourite subject with school teachers in the 
annual South Kensington Science examinations; but since in 
addition to meteorology the paper on this subject usually em- 
braces questions in astronomy, geology, vuleanology, chemis- 
try, and possibly other branches of science as well, it is obvi- 
ous that the modicum of knowledge of each which a student 
who aspired to grapple with such a “general knowledge” 
paper would probably acquire, would be insufficient to enable 
him to teach any of them. 
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But why should not meteorology now be regarded as a 
science sufficiently mature to be able to stand upon its own 
feet, and why should not school teachers be encouraged to 
take a course of study in meteorology as complete as is now 
usual in the case of botany or physiology? Teachers would 
then have a real acquaintance with the subject, and would be 
able to impart their knowledge satisfactorily to their pupils; 
and without doubt both teachers and taught would find the 
subject at once interesting and useful. 

There are teachers who have already made this discovery 
and have profited by it. Of course in some schools, such as 
those for young seamen, or those for students of agriculture, 
meteorology naturally secures a prominent place; but in some 
“public elementary ” schools the subject is also taught so far 
as first principals are concerned, and the interest of the pupils 
is further secured by getting them to observe instruments 
which have been provided as part of the school equipment. 

In this country we, as a rule, move slowly, and although the 
inclusion of meteorology in the ordinary curriculum of school 
instruction has been advocated for many years, very little has 
yet been done to bring it about. But the growth of general 
interest in the subject to which we have drawn attention should 
we think aid materially in its accomplishment, and with the 
further development of that interest the time when meteor- 
ology shall form a common subject in schools of all grades 
should not be very distant. 


In looking over the files of the section reports we notice a 
growing use of the word “absolute ’’ that seems to be without 
official authority and that should be stopt, as it is objection- 
able for several reasons. The terms “ absolute maximum ” and 
“absolute minimum ” frequently occur in climatology to ex- 
press the highest maximum and lowest minimum that have 
occurred in a long series of observations at a given place. The 
difference between these extremes is the “absolute range” for 
that long period, and the term “absolute ” is applicable only to 
a series of observations that is so long that the extreme tem- 
peratures and ranges may be supposed to approximate what 
would be given by a century or more of observation. 

We use the expressions “maximum”, “minimum”, “ex- 
tremes” for any given month or year, or for a short series of 
months or years, and always specify what that special period is. 

In his translation of Hann’s “Climatology” Prof. R. De C. 
Ward, on page 18, seems to apply the term “absolute” toa 
short series, but he does not intend this, as may be seen from 
the fact that he states that these data have very little value 
unless they are based on a long series of observations; and 
he illustrates the meaning and use of the word “absolute” 
on the next page by applying it to a series of ten years, while 
in the table on page 33 the term is applied by Hann only to a 
record of forty-six years. In the circular letter sent out by 
Prof. A. J. Henry, when gathering data for his Bulletin Q,' 
he called for “absolute maximum and minimum” in his tempera- 
ture tables, but only expected these data from stations having 
long records. . 

As the use of the word “absolute ” is liable to convey wrong 
impressions it has been strongly recommended that the simple 
expressions “ maximum ”’, “minimum ”, “range ” for the month 
or the year, or a given number of years, be adopted for gen- 
eral use, and that the term “absolute” be left for special 
memoirs on climatology, where distinctions must be made be- 
tween the periodic and nonperiodic features of climate. 


In the best usage the word “absolute” refers to a single 
station and the oscillations thereat during a long period of 
time, but we notice a remarkable innovation in many of our 
The Climatology of the United States "’, not «A Climatological Dic- 
tionary "’, as some erroneously call it. 
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section reports, where the term “absolute ” is applied to varia- 
tions over a large area, as over a State or section; thus, “the 
absolute maximum temperature for the State is 101° and the 
absolute minimum 45°”. But a section rarely has more than 
a hundred stations, and no one can be sure that there are 
not many points in the State at which our extremes are ex- 
ceeded. The term “absolute ” is as inappropriate to our State 
sections as it is to our short records. One should simply say 
“highest recorded ”’, “lowest recorded ” in the State, without 
using the word “absolute”, and should give the station and 
date as well as the temperature. 

We note other peculiar phrases that are also objectionable; 
for instance, one section director instead of saying the “ abso- 
lute highest” or “absolute maximum ” writes the “ highest 
absolute temperature ” or the “lowest absolute temperature ”. 
Now the “absolute temperature ” is a term long since pre- 
empted both by physicists and by meteorologists, and means 
the temperature counted upward from the absolute zero, as 
distinguished from the temperature centigrade, which is 
counted upward or downward from the freezing point, or as 
distinguished from the Fahrenheit scale where the tempera- 
ture is counted upward or downward from the zero point 
chosen by Fahrenheit. The absolute temperature is usually 
found by adding 273 to the centigrade temperature; it would 
come to the same thing if we should add 459 to the Fahren- 
heit temperature. As the term “absolute temperature ” is 
everywhere in common use it would be foolish to allow a new 
and loose usage to prevail in meteorological literature. 

The phrases, “highest absolute maximum” and “lowest 
absolute minimum ”, are redundant and should be replaced by 
the simple expression “ highest” or “lowest”, omitting the 
word “absolute ” as improper, and the words “maximum ” or 
“minimum ’’ as unnecessary. It is much clearer and more 
definite to say, “ the highest temperature of the month at the 
station”, or “ the highest temperature recorded in the State ” 
or “the maximum temperature for the State ”. 

In another report we read, “the absolute minimum, 29°, 
at —-——., is the lowest in fifteen years”. It would be shorter 
and just as well to say, “ 29°, at , is the lowest recorded 
in fifteen years ”, omitting the words “ absolute minimum ”. 

Again, we read “the absolute maximum temperature for 
1906”, as tho the absolute maximum could occur, not merely 
oncein acentury, but once every year. The proper expression 
is “the highest temperature in 1906”, or “the maximum tem- 
perature during 1906”. 

In another line occurs the expression “ the highest absolute 
temperature for November, 1906, in the State of "as 
tho absolute temperatures could occur at every station, but 
the highest absolute could characterize some one point in the 
State. It would be a great deal better to say, “the highest 
temperature in the State during November, 1906”. 

From another report we quote an “absolute range of 100° 
in temperature for the month of February”. The writer of 
this line evidently intends to say that the range of temperature 
for the month between the lowest at one station and the high- 
est at another station somewhere within his section was 100°, 
and that this was the largest of all similar records for that 
month. His word “absolute ”, therefore, includes both the idea 
of time and geographical extension—not either one alone, but 
both. Now such a combined chronological and geographical 
range of temperature has no local climatological value. The 
figures are not comparable with those for any other section be- 
cause everything depends upon the sizes of the sections and 
their orography, whether mountainous or flat, and their shape, 
whether elongated north and south, or east and west. The 
climatologist wants the range of temperature for each indi- 
vidual station; by comparing these ranges among themselves 
he may be able to discern the differences in the climate over 
different parts of the section. To be sure one might imagine 
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that taking the State or section as a whole the maximum and 
minimum occurring within it and the general range for the 
section might be comparable with similar numbers for other 
sections, and that thus we might study the relative climatology 
of the different sections, but this has not yet been done to 
any great extent. We can take the average of the departures 
of all the stations from their respective normals, and thus ob- 
tain an average departure for the whole section, but even this 
has no value in climatology when the stations have a wide 
range in altitude, latitude, or longitude. The study of clima- 
tology is coming down more and more into details, and these 
so-called absolute maxima and minima by sections cover up the 
very details that we wish to study. 

Finally we note “The absolute maximum of 95° was, with 
two exceptions, the lowest of record for the month, while the 
absolute minimum was the highest with one exception”. We 
think that the writer was endeavoring to communicate some- 
thing that had imprest him as peculiar and perhaps remark- 
able, as to the weather in his section during September, 1906, 
but we do not ourselves get any clear idea from this para- 
graph and we think it should be rewritten, omitting the word 
“absolute ’, and mentioning the names of the stations.—C. A. 


ADAM PAULSEN (1833-1907). 


Prof. Adam F. W. Paulsen, director of the Danish Meteoro- 
logical Institute—the national weather service of Denmark— 
died January 11, 1907, at the age of 74. 

In addition to his many other activities as the head of the 
Danish meteorological service and as a member of the Inter- 
national Meteorological Committee, Professor Paulsen was 
especially interested in two important projects—the study of 
the aurora, and the establishment of telegraphic communica- 
tion between Europe and Iceland, for meteorological purposes. 
The cable to Iceland became an accomplished fact shortly 
before his death, and is a lasting monument to his memory. 
The discouraging financial difficulties that he had to over- 
come in achieving this result have been set forth in his reports 
to the International Meteorological Committee. 

Paulsen’s investigations of the aurora date from the inter- 
national polar expeditions of 1882-1883, in which he took part 
as leader of the Danish expedition to the west coast of Green- 
land. In 1899-1900 he led an expedition to northern Iceland 
for the special purpose of studying the aurora. The results 
of the latter expedition included some remarkable photo- 
graphs of auroral spectra, and new measurements of the alti- 
tude of the rayless auroral arch, indicating that it occurred 
at not less than four or five hundred kilometers from the 
earth’s surface. At this height the atmosphere must be so 
rarified that ordinary electrical discharges would be impos- 
sible. In a paper’ published a few months before his death 
Paulsen reaches the conclusion that the cause of the aurora is 
to be sought in an immense ionization and negative electrifi- 
cation of the upper layers of the atmosphere, produced by 
cathode rays emitted from the sun. 

Professor Paulsen’s successor as director of the Meteoro- 
logical Institute is Capt. Carl Ryder, who has heretofore been 

‘known to science chiefly as an arctic explorer.—C. F. T. 


WEATHER BUREAU MEN AS EDUCATORS. 


The following lectures and addresses by Weather Bureau 
men have been reported: 

Mr. 8. S. Bassler, March 5, 1907, before the Cincinnati So- 
ciety of Natural History, on “The weather map ”. 

Mr. Ford A. Carpenter, March 9, 1907, before the Scholia 


‘Sur les récentes théories de l’aurore polaire. Résumé et critique 
des théories de MM. Birkeland, Arrhenius et Nordmann. Idées per- 
sonnelles. (Académie royale des sciences et des lettres de Danemark. 
Extrait du bulletin de l'année, 1906. No. 2.) 
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Club, of San Diego, Cal., on “ What makes the climate of San_ 
Diego”? 

Mr. George M. Chappel, March 20, 1907, before the teachers 
and pupils of the North High School, Des Moines, Iowa, on 
“The work of the Weather Bureau ”’. 

Mr. David Cuthbertson, March 27, 1907, before the West 
Side Business Men’s Association, of Buffalo, N. Y., on “The 
usefulness of the Weather Bureau to the commercial interests ”’. 

Mr. C. F. von Herrmann, March 23, 1907, before the Alpha 
Delta Epsilon Scientific Fraternity, of Johns Hopkins Univer- 
sity, Baltimore, Md., on “The principles of forecasting the 
weather ”’. 

Mr. J. R. Weeks, March 18, 1907, before pupils of the Wash- 
ington Street Public School, Binghamton, N. Y.; also March 
21, before the successful scholarship contestants of the Bing- 
hamton Republican, on “The work of the Weather Bureau ”’. 


“Classes from universities, academies, and schools have visited 
Weather Bureau offices, to study the instruments and equip- 
ment and receive informal instruction, as reported from the 
following offices: 

Meridian, Miss., March 14, 1907, the physics class from 
Moffat-McLaurin Institute. 

Mobile, Ala., March 22, 1907, a section of the physical 
geography class from Barton Academy. 

Salt Lake City, Utah, during March, 1907, students from 
the Salt Lake High School and the Latter Day Saints’ Uni- 
versity. 


BELLS AS BAROMETERS. 


We find a misleading paragraph under the above heading 
going the rounds of the press to the effect that “about five 
miles from Lebekke, in Belgium, there are some small church 
bells known as the ‘water bells’. When they are heard dis- 
tinctly in the town rain is sure to follow”. With this para- 
graph goes a so-called “plausible popular explanation of the 
phenomenon ”, about as follows : 

“Tf bells sound very distinctly of an evening, this points to 
the probability of a wet day following, since air heavily charged 
with moisture conducts sound better than dryair. So, too, as 
dense air conducts better than light air, bells sound more 
clearly when the barometer is high than when it is low, other 
things being equal; and so, too, with hot and cold air ”’. 

There are several errors in this explanation. It may be ac- 
ceptable to teachers and others if we add that the intensity 
and quality of a sound depends primarily on the bell, and the 
tower in which it is hung, but only to an infinitesimal degree, 
if at all, on the temperature of the air, or the quantity of 
aqueous vapor contained therein, or on the relative humidity 
of theair. On the other hand the intensity of sound, observed 
at a distance, does depend to a very large extent on the homo- 
geneity of the air, while the distance to which a sound is 
heard depends on the direction of the wind. If the air is 
perfectly homogeneous then the effect of a horizontal wind, 
which is usually feeble near the ground and strong higher up, 
is to bend the rays of sound out of their straight line direc- 
tions. If the observer is to windward of the bell, the sound 
that should come to him passes over his head, and if he is to 
leeward the sound that should pass over his head is brought 
down to him. If he is to leeward of a house or island the 
irregularities of the wind may bend the sound wave entirely 
away from him. If he is in a calm stratum, as in the early 
morning, with the wind blowing strong above him, then he 
may hear no sound if he is to windward of the bell, but a 
more intense sound if he is to leeward. Ordinarily the air 
is not homogeneous, but is a mixture of warm and cold, or dry 
and moist masses, that is to say, a mixture of rarer and denser 

rtions that break up waves of sound. Especially during 

ot sunshine does the air become acoustically opaque, that is 
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to say, the rays of sound, having to pass thru many alterna- 


tions of rarer and denser air, are reflected and refracted at 
every transmission, losing in intensity at every change, so that 
the range of audibility of a bell is always less in sunny weather 
than in cloudy weather, less during the daytime than at night- 
time, less over the land than it is over the sea, and less over 
the lowlands than it is on the mountain tops. During still 
quiet nights, beneath a layer of clouds, the atmosphere is 
usually most homogeneous as to temperature and moisture; 
and, if there be no wind, sounds are then heard to the greatest 
distance. There are-many peculiarities in the distribution of 
sound that have been especially studied in connection with 
fog signals on the coasts of Europe and America, but we be- 
lieve all have been explained by considering the refraction of 
sound caused by differences of wind, by differences of density, 
by the presence of two currents of air passing each other, by 
the reflection from a sheet of falling rain, by reflection from 
the waves of the ocean, and by the irregularities of the land. 
If the audibility of distant sounds is a sign of coming rain, it 
is generally because the skies have become clouded over, or 
the wind has shifted preparatory to rain; but not because the 
air has become more heavily charged with moisture, nor be- 
cause moist air conducts sound better than dry air, nor because 
the dense air of a high barometer conducts sound better than 
the rarefied air of a low barometer, nor because cold air con- 
ducts sound better than hot air. These four influences are 
negligible compared with homogeneity. 

The diminution of sound is perfectly analogous to that of 
light. Everyone knows how easily light passes thru clear air 
or pure water, but it will not pass thru a mixture of air and 
water, such as a glass full of bubbles, or a fog or cloud, or a 
sheet of falling rain.—C. A. 
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T.,R.S. Calabrian earthquakes. p. 236-237. 

Bulletin of the society of Philadelphia. Philadelphia. v. 5. 
Apr., 1907. 

Bennett, Helen Christine. Kingston, the capital of Jamaica, as 
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Dufour, Ch. Variation diurne de la pression barométrique A 
Rikitea. (Oct., 1906.) p. 253-257. 
Ouzilleau, —. Note sur le climat de Koury (Soudan Francais). 
(Oct., 1906.) p. 257-261. 
Dufour, Ch. Temperatures extrimes au sommet de la Tour Eiffel 
(1889-1906). (Oct., 1906.) p. 262-264. 
Moureaux, Th. Résumé de 23 années d’observations de |’insola- 
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(Fév., 1907). p. 50-52. [Relations of rainfall to stream flow; ex- 
periments under conditions very favorable for observation. ] 
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J{ulius]. Das ausserordentliche Barometermaximum. p. 
121 


E., F. M. Ueber die Theorie der Guilbertschen Regeln der Wetter- 
vorhersage von Bernard Brunhes (Arch. d. sciences phys. et. nat., 
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—— Adam Paulsen. p. 138-139. 

Exner, Karl. Farbeund Polarisationdes Himmelslichtes. p. 139. 
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ische Luft. p. 229-234. 
Weltall (Das). Berlin. 7 Jahrgang. 1907, April 1. 
Linke, Felix. Vom Staube. p. 193-201. 
Krebs, Wilhelm. Witterungsvoraussicht und Sonnentitigkeit. 


p. 201-208. 
Weiter (Das). Berlin. 24 . Mirz 1907. 
Grohmann, —. Die Wettervorhersage auf den Witterungsberich- 


ten des Kénigl. siichsischen meteor. Institutes. p. 49-54. 

Kaiser, Max. Historische Entwickelung unserer Kenntnis der 
Land- und Seewinde auf der Erde und Darstellung der gegenwir- 
tigen Theorien. p. 54-65. 

Wahlburg, Eduard Schiefer Edler von. Die Antizyklone der 
letzten Januar-Dekade 1907. p. 68-72. 

Aiti della Reale accademia dei Lincei. Roma. v. 15. 1906. 

Monti, V. Sulla misura della velocita di propagazione delle per- 
turbazioni sismiche in rapporte alla sismometria razionale. p. 
15-18. 

Pizzetti, —. Intorno al calcolo della rifrazione astronomica, senza 
speciali ipotesi sul modo di variare della temperatura dell’aria coll’- 
altezza. p. 73-81. 

Chella, Silvio. Misura del coefficiente di attrito interno dell’aria 
a basse temperature. p. 119-125. - 

Chistoni, Ciro. Risultati pireliometrici ottenuti dal 22 agosto a 
tutto giugno 1903 al R. Osservatorio geofisico di Modena. p. 126— 
132. 

Monti, V. Sulla probabile origine della distribuzione dei tempo- 
rali italiani a seconda delle stagioni. p. 173-175. 
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ni,Ciro. Misure pireliometriche eseguite sul Monte Cimone 
nell'estate del 1902 e nell’estate del 1903. p. 208-213. 

Teglio, Emilio. Contributo allo studio del pireliometro a compen- 
sazione elettrica dell’Angstrém. p. 214-216. 

V. Sull'interpretazione matematica dei sismogrammi. p. 
217-219. 

Chistoni, Ciro. Misure pireliometriche eseguite sul Monte Cimone 
nell’estate del 1904 e nell’estate del 1905. p. 276-281. 

Eredia, Filippo. La pioggia a Roma. p. 450-456. [Gives rain- 
fall in extenso, by months, 1825-1906. | 

Blaserna, —. Sulle esperienze degli spari contre la grandine, 
eseguite a Castelfranco Veneto negli anni 1902-1906. p. 680-682. 

Revista marittima. Roma. Anno /’. Marzo 1907. 

Penne, Renzo de la. Osservazioni di scariche elettriche dell’ 
atmosfera. [Observations made aboard the Calabria in a voyage 
around the world.] 

Societa geografica Italiana. Roma. Serie 4. Vol. 7. 

—— La regione meno piovosa delle Alpi. (Feb., 1906.) p. 142-143. 

—— La rete meteorologica eritrea. (Feb., 1906.) p. 155. 

Mario. I terremoto di Calabria. (Maggio 1906.) p. 
432-459. 

Alessandri, Camillo, Due mesi sulla vetta del Monte Rosa. 
(Luglio 1906.) p.639-662. [Account of Regina Margherita ob- 
servatory, Monte Rosa. | 

Tancredi, A. M. Nota sul clima del Serahé (Colonia Eritrea). 
(Dic. 1906.) p. 1192-1249. [Includes collected data for Adi-Ugri 
and Chenafena. } 

Baratta, M. Sulla distribuzione topografica dei terremoti nel 
Chili. (Gen. 1907.)  p. 30-37. 

Boletin de la Sociedad geografica de Lima. Ano 16. Tome 19. 

Victoria, Ernesto G. Evaporacién y frio producido por ella en 
Lima. p. 1-58. 

Castre, Emilio. El departmento de San Martin y nuestras regiones 
orientales. Conferencia dada en la Sociedad geogrifica de Lima. 
p. 59-97. [Climate, p. 61-62.] 

Hemel en dampkring. Den Haag. 4. Jaargang. 

Kater, J. De groene straal bij op en ondergang der zon. p. 170-171. 

M. Het fiebied van hooge drukking in de tweed helft van Januari 
dezes jaars. p.171-173. [Includes charts Jan. 19 24. | 

M. Weerkundige waarnemingen te de Bilt 1897-1906. p. 173-176. 
[Brief resumé 1897-1906.] 


NORTH ATLANTIC WEATHER. 


By Mr. James Pacer, Chief of the Division of Ocean Meteorology. 
[Compiled from the daily observations, at Greenwich mean noon, furnished by cooperating observers at sea. } 


The distribution of pressure over the North Atlantic Ocean 
at the instant of Greenwich mean noon of March 1 and the 
attendant circulation of the winds is shown on Chart X. 
Pressure is above the average over Iceland, 29.80 inches, and 
a marked anticyclonic area covers the eastern portion of the 
ocean and the western shores of the Continent of Europe. 
The latter feature of the pressure remained practically con- 
stant thruout the entire month, the minimum barometric read- 
ing at Ponta Delgada, Azores, during the period March 1-30 
being 30.18 inches, recorded March 25, consequent upon a 
northward recession of the center of the high to the British 
Isles. Over the latter upon the same date readings of 30.40 
inches and upward were recorded. 

As a result of this special distribution of pressure the 
northeast trades blew thruout the entire month without inter- 
ruption, extending in a continuous belt from the latitude of 
Cape Finisterre to the Line. At the entrance to the Channel 
and westward along the transatlantic routes as far as the 
meridian of 20° the winds blew almost continuously from the 
southwest quadrant, and fair weather prevailed. Upon one 
day only, viz, March 16, did these winds attain gale force, 
the resuit of a cyclonic storm central at the time in the vicinity 
of the Faroes, where the recorded pressure upon the date 
mentioned was 29.00 inches. 

Over the western half of the ocean variations of pressure 
succeeded one another with marked rapidity, and as a conse- 
quence severe weather was the rule. The high central over 
New England yielded March 2 and was succeeded March 3 by 
a shallow low which extended eastward to mid-ocean. Upon 
this date the transatlantic routes between the meridians of 60° 
W. and 35° W. were accordingly visited by westerly gales, 
without, however, any decided change in the barometer. 


Pressure over Iceland fell from 29.50 inches on March 2 to 
28.90 inches on March 5, with the result that vessels following 
the route north about Scotland experienced southwesterly 
gales of force 10 and 11 during this period. 

On March 5 a feeble area of low pressure moved eastward 
across Hatteras and on March 6 was central with a well de- 
veloped system of cyclonic winds in the neighborhood of 37° 
N., 66° W., the lowest recorded pressure being 29.30 inches. 
From this point it moved northeastward, developing into a 
hurricane during the early hours of March 7. 

The distribution of pressure and the circulation of the winds 
at Greenwich mean noon of this date are shown on Chart XI, 
the storm at this hour being central in latitude 42° N., longi- 
tude 56 W. Of the large number of vessels which experi- 
enced the hurricane’s severity, the Pretoria, (German S. S., 
Schroter, report by 3d officer Suppelna), appears to have most 
nearly approached the center. The vessel was bound from 
Hamburg to New York, and at Greenwich mean noon of 
March 6 found herself in latitude 41° 55’ N., longitude 53° 
20’ W. The remarks of the observer from this time forward 
are as follows: 

“At 2p. m. of March 6 the wind went from west, 2, to the 
southward, and so continued until 3 a. m. of March 7, with 
heavy rain squalls; lightning and thunder covering the whole 
sky. The wind then shifted to WSW., force 11, and at 6 a. m. 
to W., force 12, with a heavy hail squall. The lowest ba- 
rometer, 725.0 millimeters (28.54 inches), occurred at 2 a. m., 
the position at the time being latitude 41° 51’ N., longitude 
57° 00’ W., and the wind south, force 11”’. 

The Brandenburg, (German Woltersdorff, Bremen to 
New York, report by officer Jaehnigen), also found herself 
within dangerous proximity to the storm center, altho in the 


| | 
| 
| | 
| 
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opposite semicircle. The position of the vessel at Greenwich 
mean noon of March 6 was latitude 41° 19’ N., longitude 
57° 51°’ W.—about 180 miles, therefore, to the westward of 
the Pretoria. The shifts of the wind during the advance of 
the storm were ENE., 10; NNW.,11; WNW., 10. The observer 
reports: “Continuous violent rain until 2 p. m. of the 6th; a 
tremendous sea running, causing the ship to labor fearfully; 
the wind blows at times with hurricane force; at 6 p. m. the 
sea was so very boisterous that the ship had no steerage way; 
both engines were accordingly stopt; at 3 a. m. of March 7, 
the storm had abated sufficiently to allow us to resume our 
course; lowest barometer, 733 millimeters (28.88 inches), at 
midnight 

The center of the storm moved northward across Cape Race 
during March 8, and conditions were thence undisturbed un- 
til March 11. Upon this date another depression appeared in 
the neighborhood of 39° N., 65° W., and, moving northeast- 
ward, was followed by northwesterly gales in the region 
to the southward of Nova Scotia. This was followed by a 
period of quiet weather which terminated on the 19th. Upon 
the last-named date a low moved eastward from the Great 
Lakes and on March 20 was central over the Bay of Fundy, 
the barometer at Eastport, Me., reading at 8 a. m. 28.66 inches. 
Southerly gales of force 10 and 11 swept the transatlantic 
routes from the American coast to the meridian of 60° west. 
The center of the depression did not at any time come within 
the region of observation at sea. 

On March 24 an elongated trough of low pressure extended 
southeastward from Cape Race to a point situated in latitude 
35° N., longitude 40° W. On the western slope of this trough 
northwesterly gales of force 8 to 9 prevailed, covering a belt 
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300 miles in width. On the eastern slope southerly and south- 
easterly winds of force 6 were the rule, rising to force 8 
thruout a limited area at the southern extremity. As the 
day advanced the axis of this trough assumed a more east- 
erly direction, the trough itself at the same time increasing in 
depth, with the result that thruout March 25 the transatlantic 
routes from the longitude of Cape Race to the meridian of 30° 
W., were the scene of steady southwesterly and westerly gales 
of force 9 and 10. 

On the 26th of the month a tropical depression made its 
appearance between Bermuda and Porto Rico, in which the 
Epsom (British S.S., Cox, Channel to Galveston, report by 
officer Williams) and the Yampico (British S. S., Westcott, 
Channel to New Orleans, report by officer Haworth) became 
involved on the 27th. According to the report of the former 
vessel the slow initial fall of the barometer which marks the 
approach of storms of this nature set in at noon of March 
25. At 4a. m. of the 26th, the barometer rose slightly and 
the wind became variable, finally settling in the northeast, 
while a heavy northwesterly swell at the same time made itself 
felt. The position of the vessel at Greenwich mean noon was 
latitude 33° N., longitude 69° W.; wind NE., barometer 29.44 
inches. Fifteen minutes later a squall of wind heralded the 
break of the threatening gale from the north. Fierce squalls 
of hurricane force were frequent and a very high and dangerous 
sea soon rose. The hurricane continued to rage thruout the 
day, the barometer meanwhile rising, altho very slowly. At 
Greenwich mean noon of the 27th the position of the Hpsom 
was latitude 30° 30’ N., longitude 63° 10° W., wind N., 12; 
barometer 29.71 inches, weather overcast and squally. At 1 
p. m. the sky cleared and the wind and sea soon moderated. 


THE WEATHER OF THE MONTH. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records, 


PRESSURE. 


The distribution of mean atmospheric pressure for March 
1907, over the United States and Canada is graphically shown 
on Chart VI, and the average values and departures from the 
normal are shown for each station in Tables I and V. 

During March, 1907, the distribution of the average pres- 
sure showed two well marked variations from the normal. 
Pressure averaged unusually low over all northwestern dis- 
tricts of the United States and Canada, and relatively high 
over all southern and eastern districts. 

As a result of this reversal of pressure distribution, no 
high-pressure areas of any considerable magnitude moved 
southward from their usual source of origin over the Great 
Plains region east of the Canadian Rockies, and such cold 
waves as vverspread the more northern districts were corre- 
spondingly lacking in severity. 

On the other hand, the presence of unusually high pressure 
over the Gulf of California and adjacent territory and all 
southern and eastern districts forced the warm southerly 
winds of those latitudes far to the north of their usual limits. 

Over the upper Missouri Valley and thence westward to the 
Pacific and northward over the Canadian Provinces the pres- 
sure was almost continuously below the average, while over 
southern California, Arizona, and New Mexico comparatively 
high pressure was the rule during most of the month. 

Pressure also averaged considerably above the normal in 
all districts along the Gulf and Atlantic coasts. The entire 
region west of the Rocky Mountains, the Great Plains south 
of Nebraska, the lower Mississippi Valley, and the Gulf States 
were not within the direct influence of any considerable area 
of high pressure, having its origin in northern districts, during 
the month; on the other hand, no portion of the country was 
exempt from the influence of the numerous low areas which 
moved eastward from the Pacific. 


TEMPERATURE. 


The warm waves that overspread nearly all districts of the 
United States east of the Rocky Mountains from the 18th to 
23d and from the 24th to 29th established new records at 
many points for both the highest monthly mean and the 
highest maximum temperatures ever recorded in March at 
the respective stations. : 

The abnormally warm weather during the above periods oc- 
curred in connection with marked depressions of the barometer 
in the central districts, but generally without the usual cloud 
formations and attended by little or no precipitation, which, 
with comparatively high pressure over the Gulf States and in 
the extreme Southwest, gave warm southerly winds and almost 
midsummer temperatures over the Great Plains, central val- 
leys, and all eastern districts. Maximum temperatures far in 
excess of any previous March record, and in some sections 
higher than before recorded in any previous April or May, 
were recorded about the 23d, and again about the 29th. 

The month as a whole was one of marked temperature excess 
over all portions of the United States, except the extreme east- 
ern portion of Maine and over the Pacific coast districts. 

Over practically all that portion of the United States from 
the Rocky Mountains eastward the average for the month 
exceeded the normal by more than 6° daily, and over the 
greater portion of the central Mississippi Valley region, Kan- 
sas, Oklahoma, and Texas the normal was exceeded by more 
than 10° daily. 

Over the greater portion of the territory between the Rocky 
Mountains and the Mississippi Valley and south of Nebraska, 
the temperature has averaged continuously above the normal 
for the four months from December to March, inclusive. The 
average excess during that period over portions of Kansas, 
Oklahoma, Texas, Louisiana, and Arkansas, ranges from 7° to 
more than 10° daily. 


| } 
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West of the Sierras the month averaged somewhat colder 
than normal, the average deficiency in the Sacramento Valley 
ranging from 3° to 5° daily. 

Maximum temperatures above 90° were recorded in the 
south Atlantic and east Gulf districts, over the districts 
between the Mississippi River and the Rocky Mountains and 
south of Nebraska and Iowa, and over the southern portions 
of New Mexico, Arizona, and California. 

Temperatures below zero were confined to the northern 
districts of New England, central and northern New York, 
the upper Missouri Valley, and in the mountain districts of 
Wyoming and Colorado. 

reezing temperature did not penetrate farther south than 
to north-central Texas and the extreme northern portions of 
the Gulf States. 
PRECIPITATION. 

The deficiency in precipitation over portions of the South 
Atlantic and east Gulf States, and the Florida Peninsula, noted 
in the Review for February, 1907, continued during March. 

Over all the States of the cotton belt the precipitation was 
from 2 to 4 inches less than the average fall, and in portions 
of those States the amounts measured were the least on record. 

Over the Florida Peninsula the accumulated deficiency from 
September, 190", to March, 1907, inclusive, amounted to about 
13 inches. Less than the average amounts of precipitation 
occurred over all districts along the Atlantic coast, in the dis- 
tricts between the Mississippi Valley and the Rocky Moun- 
tains, and over most of Washington and northwestern Oregon. 

In the watershed of the Ohio River heavy precipitation 
occurred from the 12th to 14th, which, with the rapid melting 
of the snow on the ground, combined to produce one of the 
worst floods in the history of the streams of that section, a 
full account of which appears elsewhere in this issue. 

Over all portions of the mountain and Plateau districts of 
the west and the Pacific coast from Washington southward, 
the precipitation was generally above the average. In the 
mountainous portions of California and generally over the 
State the month was one of the wettest on record. Rain or 
snow occurred in some portion of the State nearly every day 
of the month, and the daily and monthly amounts recorded at 
some of the elevated stations on the western flanks of the 
Sierras were phenomenal. 

Monthly amounts from 30 to more than 45 inches were 
measured at numerous points, with daily falls of from 5 to as 
much as 8 inches. 

The unusually heavy falls of rain and snow filled the rivers 
and streams of that State, and the stages at many places were 
the highest on record. ; 

SNOWFALL. 

The snowfall during March was generally light on the 
eastern slopes of the Rocky Mountains and thence eastward, 
except over the mountain portions of West Virginia, Mary- 
land, and southern Pennsylvania, where considerable snow 
occurred about the 10th. On the western slopes of the Rocky 
Mountains, over the Plateau region, and on the elevated por- 
tions of California and Oregon the snowfall was generally 
above the average. 

In the mountains of California the monthly amounts were 
exceptionally heavy, the total fall at some of the higher eleva- 
tions amounting to as much as 25 feet. In the mountains of 
Idaho and in Montana west of the main range, and on the 
western slopes of the mountains of Wyoming and Colorado 
much snow occurred. The warm weather, with strong south- 
erly winds, melted much from the lower elevations, but in the 
wooded districts and other protected localities much snow had 
accumulated. 

Owing to the alternate thawing and freezing, together with 
the considerable rain that had fallen upon the snow, it had 
become thoroly packed, contained a large percentage of water 
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and was in excellent condition, supplemented by the generally 
well-saturated condition of the soil, to assure more than an 
average supply of water in the streams till late in the summer. 
At the end of the month snow still covered the ground in 
the woods of northern New England and the Upper Peninsula 
of Michigan. From the Great Lakes westward the southern 
limit of snow receded during the month to the extreme 
northern portions of the States, where depths of a few inches 
still remained on the ground. Much snow still remained 
unmelted in the mountains west of the Continental Divide. 


HUMIDITY AND SUNSHINE. 


Over all interior districts east of the Rocky Mountains the 
percentage of relative humidity averaged considerably lower 
than the normal. On the immediate Gulf coast and the Florida 
Peninsula, despite the lack of precipitation, the amount of 
moisture in the atmosphere averaged considerably above the 
normal, owing to the influence of the prevailing moist south- 
erly winds from the Gulf. In all districts west of the Rocky 
Mountains the relative humidity was unusually high. 

Much bright sunshiny weather prevailed in all districts 
east of the Rocky Mountains, especially over the Great Plains, 
Mississippi Valley, and Gulf States, where the progress of the 
season averaged from two to four weeks in advance of the 
normal, both in the development of vegetation and in the op- 
portunities offered for the prosecution of the usual seasonal 
operations. 

On the Pacific slope, especially over California and Oregon, 
cold, rainy weather during most of the month retarded the 
development of vegetation, and delayed the prosecution of all 
outdoor occupations. 


Average precipitation and departures from the normal. 


Average. Departure 
Districts, <= Accumu- 
ag Current Current lated 
mon mon since 
Zz normal. Jen. 1. 
Inches. | Inches. 
pee cc 12 2.42 67 —1.2 —3.3 
16 2. 81 74 —1.0 —8.5 
10 1.57 36 —2.8 —7.4 
Florida Peninsula*®................-.-+- 8 0. 29 9 —2.8 —7.5 
11 2.04 35 —3. 8 —6.3 
10 1, 83 57 —1.4 —4.0 
Ohio Valley and Tennessee.............- 13 4. 82 112 40.5 0.0 
10 2.84 112 +0.3 —O1 
eget 12 2.24 110 +0.2 —0.6 
Upper Mississippi Valley................ 15 2. 23 100 0.0 10.6 
Missouri 12 1.04 60 —0.7 +0.3 
Northern Slope. ............--+s-see-ee0+ 9 0. 54 64 0.3 —0.2 
gens 6 0. 58 45 —0.7 —0.6 
Southern Slope®............-..-0.e0-e00- 7 0, 59 60 —0.4 —0.6 
12 1.49 167 10.6 £3.2 
10 1, 88 147 +0.6 40.9 
os 7 3. 45 66 —1.8 —4.2 
8 8. 00 200 14.0 $4.9 


Regular Weather Bureau and selected cooperative stations. 


In Canada.—Director Stupart says: 

The precipitation was deficient thruout the greater portion of the Do- 
minion, the exceptions to the prevailing conditions being a marked posi- 
tive departure in the vicinities of Calgary and Prince Albert, a slight 
excess in portions of northwestern Manitoba, an excessive amount of 
snow in the neighborhood of White River, Ont., and a positive departure 
locally in the precipitation of about one inch in the Georgian Bay region 
and also in the extreme western portion of Quebec. In the Maritime 
Provinces, altho several heavy snowstorms occurred, the precipitation 
was everywhere below the usualamount. The chief negative departures 
reported were New Westminster, 3.6 inches; Kingston, 1.7 inches; Yar- 
mouth, 2.6 inches; Halifax and St. John, 2.1 inches. The principal 
positive departures were Prince Albert, 1.0 inch; White River, 2.8 
inches; Parry Sound, 1.4 inches; Southampton, 0.9 inch; Montreal, 
1.0 inch. 

In the southern portions of British Columbia, the extreme southwest- 
ern portion of the Maritime Provinces, and in the Peninsula of Ontario 
the ground was generally bare of snow at the close of the month, but 
over a large portion of the Dominion there was still a considerable cover- 
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ing. Cariboo reports as much as 68 inches on the lower levels and far 
greater depths on the mountains; Alberta, from a trace in southern 
localities to 9 inches in northern; Saskatchewan, from 4 to 10 inches; 
Manitoba, from a trace to 8 inches; the northern portions of Ontario, 
from 2 to 9 inches; Quebec, from 6 to over 24 inches; and the Maritime 
Provinces as much as 24 inches in northern districts. 


Average temperatures and departures from the normal. 


Average 
5 res _— for the epartures 
Districts forthe current since 
ourmeat | month. January 1. January 1. 
New England ................... 12 34.6 + 1.5 — 6.7 — 2.2 
Middle Atlantic ................. 16 45.0 + 4.7 + 1.9 + 0.6 
South Atlantic ..................| 10 61.1 + 7.2 +114 + 3.8 
Florida Peninsula* ............. 8 72.0 + 5.7 +10.6 + 3.5 
Bast Gulf. 66.7) +94 | 419.3 +64 
10 66.8 + 9.5 +22.7 + 7.6 
Ohio Valley and Tennessee. .... . | 13 53.1 + 8.8 +13.0 + 4.3 
Lower Lake ..............-...++- 10 37.6 + 5.3 + 1.6 + 0.5 
Upper Lake 12 32.6 + 5.3 + 3.9 + 1.3 
Tr 9 25.0 | + 5.0 — 1.5 — 0.5 
Upper Mississippi Valley........ 15 44.05 + 7.9 + 3.9 
Missouri ea 12 45. 6 + 9.6 413.7 + 4.6 
Northern Slope.................. 9 35.3 +45 + 5.0 + 1.7 
Middle 6 + 9.5 +19.6 + 6.5 
Southern Slope*................. 7 60.4 + 9.7 24.3 + 81 
Southern Plateau *.............. 12 50.3 + 1.2 +110 + 3.7 
Middle Plateau *............... 10 40.8 + 2.6 +16. 2 + 5.4 
Northern | 12 38. 5 + 0.9 + 20 07 
Middle Pacific..............-.... 49.6 — 2.9 + 0.2 +01 
| 


| 
| 


* Regular Weather Bureau and selected cooperative stations. 

In Canada.—Director R. F. Stupart says : 

The temperature was below the average in British Columbia and 
Alberta, average or slightly below in Saskatchewan, except in the ex- 
treme eastern portion, average or a little below in eastern Quebec, and 
below the average in the Maritime Provinces; elsewhere inthe Dominion 
it was above the average. The chief negative departures occurred in the 
northern portions of British Columbia and Alberta and in Prince Edward 
Island and Cape Breton, and amounted to from 4° to 5°. The most 
marked positive departures were in Manitoba, from 4° to 5°, and the 
greater portion of Ontario, from 4° to 8°. 


Average relative humidity and departures from the normal. 


Districts. Districts. 
< | 
$ 
ew ent 73 — 2 || Missouri Valley ............. 68 —4 
Middle Atlantic.............. 70 — 2 || Northern Slope.............. 68 +1 
South Atlantic ............... 72 — 3 || Middle Slope ................ 56 —4 
Florida Peninsula. ........... 80 + 8 | Southern Slope.............. —1 
OO a 72 — 1 Southern Plateau ........... 47 +8 
74, ++ 2) Middle Plateau.......... +5 
Ohio Valley and Tennessee...| 69 — 2) Northern Plateau ........... 71 +4 
Lower Lake.................. 77 + 1 || North Pacific ............... 77 +1 
Upper Lake .................. 78 — 1 || Middle Pacific............... 80 +4 
North Dakota................ 81 — 3 || South Pacific................ 74 +3 
Upper Mississippi Valley..... 74 +1 
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New England ............... 5.4) — 0,2 | Missouri Valley ............. 5.6 0.0 
Middle Atlantic.............. 5.6 | + 0.1 || Northern Slope.............. 5.6) + 0.3 
South Atlantic...............| 44 — 03) Middle Slope ................ 4.8 + 0.4 
Florida Peninsula............ 2.3 | — 1.7 || Southern Slope.............. 4.0; + 0.38 
4.4 | — 0.3 || Southern Plateau . 401 +04 
wt 4.8 | — 0.4 | Middle Plateau ... 6.2 + 1.7 
Ohio Valley and Tennessee.... 6.0) + 0.1 || Northern Plateau . 7.4) + 0.6 
6.9 | + 0.5 | North Pacific. ... 6.5) — 0,1 
6.4 + 0.5 | Middle Pacific .. 68) +1,8 
orth Dakota................ 5 4| — 0.1 || South Pacific............. 6.8] +13 
Upper Mississippi Vailey.....| 5.8 | + 0.3 
Mazimum wind velocities. 


Alpena, Mich............ 
Amarillo, Tex. .......... 
Bismarck, N. Dak........ 


Cape Henry, Va.......... 
Cleveland, Ohio ......... 
Columbus, Ohio.......... 


Eastport, Maine........../ 
Escanaba, Mich.......... | 
Galveston, Tex...... .... 
Grana Rapids, Mich...... 
| 


S23z8 


Northfield, Vt........... 
Head, Wash...... 


Rapid Cit 


y 
|| Sault Ste. Marie, Mich... 
. | Southeast Farallon, Cal. 


Tatoosh Island, Wash... 


| Velocity. 


| 


Stations. Stations. | | 
| nw. | Weather, Va... | nw. 
} se, 20 nw, 
ez w. Nantucket, Mass....... | 24 ne. 
Block Island, R. L......., 20 | New York, N.Y. 20 nw. 
ne. || 20 | nw. 
Boston, Mass............-| 20 | se, 
Buffalo, N. Y .........0.- 3 sw. 22 se, 
D0 17 sw, | Pierre, Ss. Dak. 21 aw, 
Burlington, Vt........... 16 se. | Pittsburg, Pa........... 2 nw, 
sw. | Reyes Light, Cal. . 8. : 
| sw. 
5 nw, 
1 nw, | nw, 
5 | jw. | 8. 
Duluth, Minn............; 19 | 8. 
20 | nw, | DO 28} | 
19 | nw, | sw, 
30 ne. | 27 | nw. 
29 | sw. | nw, 
24 | ne, Portland, Maine.........| 20 nw, 
j 25 ne. Pueblo, Colo............ 26 | w. : 
Lexington, Ky........... 1 ln 21 sw, 
Marquette, Mich.........| 19 aw 19 | nw, 
- - 24 | 22] | 8, 
Mount Tamalpais, Cal.... 5 || Syracuse, N. Y.......... 19 | 
Mount Weather, Va...... 2 nw. | 23 } a 
Do 8 nw. | 5 w. | 
| : 
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| By Mr. James Berry, Chief of the Climatological Division. 
TEMPERATURE AND PRECIPITATION BY SECTIONS, MARCH, 1907. 
In the following table are given, for the various sections of lowest temperatures, the average precipitation, and the great- ) 
the Climatological Service of the Weather Bureau, the aver- est and least monthly amounts are found by using all trust- 
Ne age temperature and rainfall, the stations reporting the highest worthy records available. 
and lowest temperatures with dates of occurrence, the stations The mean departures from normal teaperature and precipi- 
| reporting greatest and least monthly precipitation, and other tation are based only on records from stations that have ten 
data, as indicated by the several headings. or more years of observation. Of course the number of such ' 
| The mean temperatures for each section, the highest and records is smaller than the total number of stations. \ 
Temperature—in degrees Fahrenheit. Precipitation—in inches and hundredths. 
Monthly extremes. | Greatest monthly. Least monthly. 
Section. 5 
is Station. Station. Station. 3 | Station. 
64.54 88 6 stations........... 93 | 21,29 Riverton............ 29 14] 2.94 | —2.82| Demopolis.......... 4.98 || Alga... ........... 0.54 
105 || Satations 103 dates] 1.04 |0.04 Natural Bridge...... 3.17 || 3stations........... 0 00 ° 
Arkansas 61.9|+ 97 | Fayetieviile......... 96 | Harrison, Pond ....| 25 —1.81 | Helena No,2........ 9.02 || Heber...... 0.90 
| California... .........++. 49.0 —2.3 Mammoth Tank .... 104 28 | Tamarack........... -8 28 10 67 | +6.37 Inskip.............. 45.30 Mammoth Tank.... 0.40 
Colorado .... 40.7 19 Antelope Springs...|/—20 1} 0.81 | —0.60 | Corona.............. 4.22 || 6 stations ..... .... 0. 00 
Florida 71.0 5.6  Setations........... 98 4dates Molino...........-.. 37 4] 0.62 | —2.82 |) DeFuniak Springs. 2.92 || 6 stations. .........| 0.00 
Georgia 644 I+ 8.0 || Brunswick.......... 187 | 4.10 || Waynesboro ........ 0. 16 
|§$Kau, Hawaii........ 20 §Hakalau (Mauka), 37.27 || Raymond Ranch, | 0.00 
38.1 2.7 || Garnet, Hot Spring. 75 —2 2] 3.38 | +0.90) Landore............ | 7.66 || Salmon ............. 0.92 
+ 83 | Carrollton .......... 22 || 4stations........... 15) 6,11] 3.11 | —0.27 | La Harpe...........| 6.40 |) Ziom......... ..... 0.77 
48.3 |+ 9.0 |) Jeffersonville ....... 90 | 21,22 | SAngole 4.90 | +0.95 | Butlerville.......... 9.46 || Seymour............ 2.02 
40.6 4+ 7.6) Massena. . - 1.35 | —0.55 | Keokuk....... .....| 5.05 0. 23 
| marron........... Harrison, .......... 
Kansas 02.5 | +10.2 | | Paola............. | 382 || 2stations........... 
54.9 |+ 7.9 | Williamsburg ...... 18) 288 | —1.17| Scott............... 6.86 | Bowling Green .....| 2.66 
i Louisiana 69.5 9.2 || Opelousas........-.. 95 25 | Plain Dealing....... 32 2.12| —302) Ruston ............. 7.25 || Lafayette..... .....| 0,39 
Maryland and Delaware 46.1 |+ 4.1 93 Oakland, Md........ 2} 7] 8.26 | | Grantsrille, Md.... | 7.50 Ocean City, Md. ....| 1.88 
Michigan .............+4 $4.6 |+ 5.5 Humboldt .... .....\—24) 6] 2.60| +0.34| Cassopolis .......... 6.00 | Blaney......... ....| 0.55 
Minnesota .............- 28.7 + 3.3 || Winneb || Bagley. ....... —24 13] 0.94 | —0.41 | Wabasha Pipestone... ... 0.10 
: Mississippi ...... ......} 66.0 + 9.1 || Clarksdale... 93 26 Hernando..... ..... 30 15] 3.08 | —2.55 | Merrill....... = q | Walnut Grove 0.58 
cn 53.9 | +10.6 | Belle 95 21 16 1 2.82 —0.69 Mount Vernon 1. 15 
1.1/4 29 | | Plentywood ........ 6] 1.26| +0.14| Snowshoe [Fallon T. 
Nebraska ........... 43.4 | 4 Superior........... 101 |) 1] 0.44| 0.70) Fort Robinson .... | 1.90 Osceola ............. 0.00 
98.3 |— 0.3 || Logan............ 83) 266 | $1.26 Lewers Ranch....... 16.85 || Tecoma............. 0.05 
| New England*.......... $2.7 1.9 Torrington, Conn... 84 30 | Van Buren, Me..... 1] 2.04 | —1.86 | Nantucket, Mass..../ 4.62 || Cornwall, Vt........ 0.37 
| 41.2 + 2.2 || Beverly............. 88 29 | River Vale.......... 7] 3.04 | —1,10 | Englewood ......... 4.38 | Pleasantville........) 1,81 
New Mexico ............ 49.5 5.0 | Cariobad ............| 9 20 Chama. ........-.... 1] 6.19 | —0.51 | Clouderoft..........| 1.50 | 21 stations......... 0.00 
34.6 |+ || Bstations ........... 84 |3 dates) 1.90 | —1.25 | Middletown.........| 3.93 |) Coeymans........... 0.40 
North Carolina ......... 55.7 | + 5.5 || Southern Pines ..... 100 29 Buck Spring ....... 16 6] 2.88 | —2.02 | Eagletown.......... 5.68 | 0.67 
North 23.1 4.8 || Berthold Agency.... 83 21 | Langdon, Pembiva. . — 20 0.70 | —0.22 | Gladys.............. 3.25 || 2stations........... 
45.9 + 7.1 || Portsmouth. ........ %6 2 4] 5.55 +2.16 | Camp Dennison..... 9.17 Toledo No. 2......... 2. 43 
2 103 | 184) Kenton, Okla........ 13 1.44) Calvin, Ind.T....... | 4.08 || Beaver, Okla..... ..| 0.00 
4 41.6 — 0.6) Grants Pass......... 75 30 «GovernmentCamp.. 0) 4] 430) —0.26 Buckhorn Farm...... 14.23 | Richland............ 0. 65 
Pennsylvania ........... 41.8 |+ 47 |] Everett ............. 92 24 Pocono Lake........ 7] 4.26 | 40.37) Lock No.4 ......... 8. 20 Pocono Lake........ 1.08 
: South Carolina .......... 62.0 | + 7.7 || Blackville, Darling- 99 23 | Greenville .......... 20 4] 1.57 | —2.30 | Clemson College....| 3.02 || Blackville ..... es ae 
ton. 
South Dakota ........... 36.1 + 7.5 | stations........... 88 | 21,24 | White Horse... .... if 0.46 | —@84 || Leola............... 2.50 || 3 stations ........... 
Tennessee ............. 4 58.9 |+ 9.7 || Franklin............ 93 21 || Evacmus............ | 21) 4] 4.43 | —1.33 | Walling............. 7.84 || Elizabethton........ 2.72 
00.606 67.3 |+ 9.8 || 4stations........... 100 | 18-20 | 3stations........... | 15 1] 1.64) —0.69 | Longview........... 4.10 || 7 stations........... 0. 00 
4.4 Wellington...... .. 87) 28 || Pinto............... 2 28] 1.65) 40.15 Huntsville.......... 4.08 | 2stations. ..... ...| 0.00 
60.7/+ Arvonia .. ...... 96 29 Burkes Garden ..... | 16 67 3.19 | —0.85 | Big Stone Gap (a)...| 5.21 | Nokesville.......... 1, 02 
Washington . 40.4 — 0.8 || Mottinger’s Ranch.. 76 | 8 4] 2.65 —0.71 Clearwater ........ 41.77 Ephrata...... .... 0. 07 
West Virginia ........ 6 Bayard... 7] 477) 40.33  Moundsville........ 8.18  Moorfield........... 1.05 
Wisconsin ............. 335 + as| Prairie du Chien... 85| 26 |SKoepenick.......... 9.30 Valley Junction ....| 3.19 | Medford............ 0.60 
277 Lake Yellowstone, | 
: * * Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut. +48 stations, with an average elevation of 533 feet. tl 43 stations. 7 
| DESCRIPTION OF TABLES AND CHARTS. 
By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records. 
For description of tables and charts see page 30 of Review for January, 1907. 
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TABLE 1.—Climatological data Jor U. S. Weather Bureau stations, March, 1907—Continued. 
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| | | | | 
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Lake t. 
2.74 
Houghton ........-- 
Marquette. .........- 1.34 
Port Huron......... 2. 38 
Gault Ste. Marie..... 1.85 
Green Bay........-- 2.04 i 
I 1.56 — 
North Dakota. 0.87 
{ Moorhead........... 0. 86 
Bismarck ........... 1 1.09 
Devils Lake......... 1 06 
Williston .......... 1 0.66 : 
Valley. A 2. 23 
— | 0.56 — 
La Crosse ........++ 1.69 + 
Madison ...........- 1. 80 
Charles City ........ 2.17 + 
Davenport .......... 1,79 |— 
Des Moines ......... 1.18 — 
0.99 — 
Keokuk............- 5.05 + 
* Lae Galle... 2.03 
2.67 
Missouri Valley. 1.04 
Kansas City ........ 2.50 
Springfield, Mo ..... 1. 48 
1. 63 
1. 81 
Valentine .......... 0.70 
Sioux City.......... 0. 26 
0.10 
Yankton ........... 0. 35 
Northern Slope. 36.3 0.54 
29, 6 2.7 — 0. 58 
Miles City .......... 26 29 04 37.2 4 0. 84 
Helena ............. 8 29. 08 33.6 + 0. 64 
8 29 -10 33.6 4 1.16 
Rapid City.......... 46 29 08 382 4 0.14 
Cheyenne .......... 56 29. 0 4.2 4 0. 49 
Lander ............. 26 2. -09 37.6 + 0. 98 : 
Yellowstone Park... il 29. 10 2.6 + 4.56 } 
: North Platte........ 11 29. “3 - 
Middle Slope. t 0. 
29. -07 47.2 + 0.54 - 
Pueblo... 29 49.4 + 0.12 - 
Concordia .......... 29. 08 49.6 4 0. 96 
29 Ol 51.6 + 0. 33 6 
30. 02 +1 0. 81 
Oklahoma .......... 29. 59.6 +1 0. 75 3 
Southern Slope. 63.6 +1 0.29 —iia4 
Abilene ............ 1,738 4 -2 65.6 +1 0. 85 8 
Amarillo............ 8,676 10 56.8 41 H 
Del Bie .... 8 41 
Southern Plateau. 61.8 + d 
Santa Fe............ 7, 07 44.0 4 4 3.5 1.8 
Flagstaff ........... 6, -04 387.6 + } ) 6.0 9.2 
Phoenix ............ 1, 8.8 — 4.1 
Middle Plateau. 40.9 + 6.2 
ROME. 56 (63 38.2 - 5.7 - 
Tonopah............ 12 20 87.3 + 4.8 
Winnemucca .:.... 18 56 39.3 — 7.1 
1 39.6 + 6.7 
Salt Lake City ...... 105 110 4 +3 7.1 
Grand Junction .... 43 «6 +4 ; 6.3 
Northern Plateau. } 7.4 
Baker City.......... 29.91 — ,08 + 3 7.3 
Lewiston ........... 29.98 — 110 + ; 7.5 
29.95 — [06 + 7.2 
Spokane ............ 1 29.91 — [10 7.6 
Walla Walla....... 1 2.93 — 109 — 6. 1 
N. Pac. Coast Reg. 6.5 
North Head......... 211 29.92 —. 1 5. 3 
Crescent....... 259 29.90 .1 2.0 
Seattle............../ 1231 29. 4 —1 T. 
Tacoma............. 281 29.94 —. —1 - 7.4 T. 
Roseburg ............. 510 29.95 . + 


137 


pita- 


tion, 


Preci 


“sous ; 
yo uidep = ™ 
“sous 


peyjem pus 


re. 


| < 


‘dd 
: 


82 |e. 
Tem 
( Fahrenheit. ) 


: 


< 

‘ 
10 ‘19° qa skeq 
moay ernziedeg | ++ 


es 
= 


0.43 


Jo qidep 


tion. 


Precipita- 


“sous 
pejem paw 


1.0 | 


Pri 

= Be Kas 


MONTHLY WEATHER REVIEW. 


TABLE I.— Climatological data for U. S. Weather Bureau stations, March, 1907—Continued. 
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Alabame. Ins. | In Ins. Arizona—Cont’d. 
Alaga 3.0 | San Simon ............... 
Benton | 24.2 || Silverbell.......... ...... 
Bermuda ........--- 25.0 
Bridgeport... T. Tombstone.............-- 
Camphill ........--- 9.0 || 
Cedar Bluff.......-- : 9.0 | Pedro......... 
Clanton ........---- || Walnut Grove............).. 
4 | | 
‘lomaton ... | 
‘ort Deposit 
Gadsden .... 
Goodwater . 2 Benton.... 
2 || Black Rock 
3 Brinkley 31 8 
4 || Calico k 
3 0 || Camden. .. 87 83 «65.4 
0 | Center Poin 94 | 30 646 
1 0 T. || Clarendon... 
P| 86 2 0 T. | Conway.... 91 $1 + 
90 2 1 | Corning... 88 29 
Lucy ......- 92 1 0 | Dardanelle 
legrove . 3. 1 ty. 92 27 
Milstesd 2 2 10.5 Dutton .... 87 28 
Newbern .... 2 0 Eldorado... 89 34 
2 1 4.0 England... 89k} 32k 
2 0.5 | Eureka Spri 93} 28 
2 0 96 30 
4 29 | 51.2); 2 T. 87 31 
Riverton .... 4 | 43.6 1 1, 
Scottsboro . 3 | 51.6 1 
60.0 0 
2 | 59.6 1 
3. | mit.. 69.0 0 
1 T. 
3 54.2] 2 1, 
2 54.2) 0 T. 
2 candace 57.5 0 
4 Farm 58.9) 
2 over 66.2) 
Alaska. | 75 10 | 41-4 1 
Chestochena .............. 2.0 | 9 | 24/56.8) 1 88 | 33" 686 | if 
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| TABLE II.— Climatological record of cooperative observers—Continued. 
Temperature. Precipita- Temperature. Precipita- Temperature, Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion, 
a 
Stations. » | @.. Stations, Stations, 
|i |i [2 
Nebraska—Cont’d ba Ins. | Ins. New Jersey—Cont’d. Ins. | Ins. | New Mexico—Cont’d, ° Ins. | Ins. 
* North Loup ............-- 89 42.3) 0.15 1.5 || Charlottsburg............ 77|—5/| 38.2) 2.41 10.0 | Tres 71 6 | 38.4) 0.30 
Oakdale 85 | — 38.8) 0.40 2.6 87 12) 43.6) 2.60) 11.0 || Tucumeari............... 92 22 | 57.8) 0.00 
88 11 | 41.5) 0.40) ..... College Farm...... .....- 79 5 | 125 || Valley. 
77 6 | 37.4] 38.31] 13.0 || Vermejo.................- 72 16| 43.0! T. 
88 43.5) 0.00 76 14 | 41.0 | 3.08 74 11 | 39.2); 0,61 
0. 05 0.5 || Englewood ............... 72 13 | 39.3 4.38) 17.0 York, 
92 12 44.7) 0.50 3.0 || Flemington .............. 83 8 | 40.4] 3.52) 12.0 || 74 8 | 88.0) 1,28 2.0 
| Pawnee City .........-.-- 95 15 | 47.9 | 0.95 7.0 Friesburg 85 14 | 43.8 | 2,70 39.0)! 090 7.5 
| Plattsmouth ..... | 0. 42 4.0 Hightstown .............- 10 | 40.4) 3.44 8.0 || Allegany..... 79|—6 | 38.6) 3.65) 11,6 
Plymouth... 91 12 47.1) 0.80 8.0 | Imlaystown .............. a4 10 | 41,2 | 2.58 8.3 | Amsterdam............... 71 4183.0) 2.48 20 
80 41.8) 1.02) 10.0 | Indian Mills ............. 84 9 | 43.3) 2.98 | 124 || Angelica. .......... 95°] — 9°] 215 7.0 
Ravenna ........ 89 43.0) 0 20 2.0 || Jersey City..............- 13 41.0) 3.55) 14.6 || Appleton 70 36.2!) 2.30 2.6 
98 18 47.2 T. Lakewood .............-- 80 10 | 43.1 | 2.98) 10.0 || 75 8 | 37.8) 077 1.5 
0000 0.80) 8.0 |) Lambertville ............ 87| 11/420) 12.5 | Atlanta 84.0) 1.35]...... 
i 88 8/427) O14 1.4 | Moorestown .............. 86 420) 2.66) 18.0 |) 80 |—2/| 36.2) 0.75 2.0 
91 424) 0.21) T. 78 10 40.6 4.31 13. 2 80 1 | 87.4 1, 67° 0.5 
30 3.0 || New Brunswick.......... 79 5 | 39.6 | 4.15 | 17.0 || Baldwinsville ............ 69 | 7| 38.8} 1,87 7.0 
8 | —2/ 42.2) 005 82 — 2.56| 10.0 | Balston Lake............. 72 1/337! 1.82 8.7 
89 20, 44.6) 0.05 0.5 || Oceanic 78 16 | 41.4 | 3.32) 10.5 78 5 | 38.4!) 1.86 9.0 
Springview.......... 86 0 | 40.9) 0.60) 6.0 || Paterson 10 | 41.8) 3.05| 14.5 | Blue Mountain 1.57| 9.5 
89 40.5) 0.35 3.5 Phillipsburg 85 11 | 40.6 | 3.16) 13.7 || 80 | — 8 | 37.2); 2.64! 11.0 
Strang. 0. 80 8.0 || Plainfield ...............- 79 12 | 40.0} 3.17| 12.5 || Bouckville ..............-| 76 | —10/|31.6| 1.44 5.0 
Superior 101 5 48.4) 1.00) 10.0 8.91 | 12.3 Cape Vincent............. —1/ 82.0] 2.25 1.0 
0. 30 3.0 || Somerville .............-- 80 9 | 40.6 | 2.72) 13.5 Carvers Falls............- 67 | — 8| 31.2) 2.04 1.0 
lablerock 1.00; 7.0 || South Orange ............| 75 13 | 40.0 | 3.39) 12.0 | 81 5 | 37.0) 0.84 1.0 
94; 12 | 48.9| 0.80) 4.0 || Sussex — 81 63 4| 31.2! 1.17| 8&0 
Tekamah ...........---- 89 42.6) 0.47 4.0 || Toms River. ..........--- 80 6 | 40.6 | 2.30) 15.5 | Coeymans................ 17 6| 34.4) 640) 2.0 
Turlington 13) 45.1) 071) 65 || 83 | 16| 43.8] 2.65 | 6.0 || Cooperstown..........---| 76) 821] 1.87] 9.5 
University Farm......... 91 10 | 44.5 | 0.46 4.0 || Tuckerton........ .....-. 80 8/ 41.8) 3.06 9.0 | Cortland ........... --| 75 | —12| 82.2) 1.26 5.0 
0.10 1.0 || Vineland 85 12 | 44.0) 244 7.8 Cutchogue ....... 15 18 | 87.6| 377 6.0 
Wakefield ....... ...-... 8 | —1 3886) 0.60 4.3 || Woodbine ..........- 81 12 | 44.2/| 3.85 £.0 | Dannemora..... 65 0|29.5| 2.74!) 19.2 
0.15 1.5 New Merico. De Ruyter... . 76 | —17 | 33.4) 1.89 4.4 
0.60 6.0 || Alamagordo.......------ 90 26 | 57.6 1. 28 3.0 
Water .........-] 1.09 3.5 92 19 | 54.4) 0,00 34.4) 1.68 8.0 
Westpoint. 88 3 | 40.8; 0.10) 1.0 || Albuquerque....... 85 | 21 | 53.9) 0.00 27.5 | 1.08) 6.0 
Wilber .. 0. 30 5.0 0.22 36.9 1. 34 6.0 
0. 50 5.0 || Artesia. 92 2 | 58.2) 0.12 85.0 | 2.29] T. 
Winnebago. ...........--- 85 | — 3) 3&4) 012) 2.5 || Bellranch .........------- 92| 13 | 52.7) 0.00 35.8 | 2.64) 9.2 
0.14 2.8 || Bloomfield .............-- 89 11 | 45.5 | 0.30 1.0 | Gabriels..... 27.8 | 1.04 4.5 
WY MOTE 0.60} 6.0 || Cambray 0.00; || 1. 90 5.0 
York. 89 43.2 0.30 3.0 || Carlsbad ..........+--+++- 97 29 | 61.4 T. 382.9) 1.98 4.3 
72 0 | 36.6) 0.94 6.0 | $1.2 | 3.52 3.0 
65 18 | 32.9; 1.96 81 9 | 47.5 | 33.8 | 2,60 4.0 
60 50.90. 60 56 1/| 30.6) 6.18 | 45.5 91 19 | 52.3) 0.08 $2.6 | 1.34 1.0 
Battle Mountain......... 58 20 37.9) 0.61 6.1 70 13 | 40.5 | 1.50 3.0 $2.3 1.38 5.5 
5) 31.9) 2.00 16.0 93 10 | 44.1 0. 00 $1.38 1.42 2.0 
Carson Dam.............- 42.6) ...... 87 32 | 52.5 | 0.06 1,97 5.3 
Clover Valley ...........- 62° | 37.8; 2.58 | 12.0 83 12 | 48.6 | 0.01 85.6) 1.18) T. 
60.00 ve 2. 22 3.0 77 11 | 40.4); 1.44 6.5 40.4; 1.89 4.0 
77 82 14 | 46.4 T. 29.8; 1.54) 38.0 
62 8 | 37.0) 1.86| 136 66 8 | 38.5) 0.55 2.0 36.6 | 0.92 3.4 
62 36.6) 218 19.0 88! 231) 54.65) T. 89.4) 3.25 15.0 
Fallon.. 70° 42.4¢| 1.40 2.5 85 11 | 39.8) 1,23 0.5 34.0) 1.58 7.5 
Formley 65 22 | 41.2 1.37 QD 0.00 32.6 1. 59 5.0 
64 7 | 35.6 | 2.08 1.5 gif 13f| 47.3°| T. 31.9; 2.28 8.0 
20 | 41.6] 10 | 44.2); 0.00 Le Roy... 81 3/37.2| 1.5 3.9 
0.77 7.7 || Fairview .. 0. 00. 200.00 1.91 9.0 
0 | 26.4) 4.70) 47.0 || Fort Bayard.............. 85 20 | 52.0) 0.15 Littlefalls, City Res....... 66 0 | 381.5) 2.87 3.0 
42.2; 1.31 3.5 || Fort Stanton ............-| 84 16 | 49.4 T. Lockport 73 4136.2) 2.27 
41.3 | 0.75) ..... Fort Union..............- 81 8| 44.1) 0.08 Lowville 1 31.0| 1.70 3.0 
42.8 0,12 0.8 || Fort Wingate ............ 78 14 | 44.4) 0.638) 17 || 36.4¢) 1.66 8.5 
87.5 | 16.85 | 41.0 || Frisco. 85 20 | 49.3 | 0.47 Middletown ...........---| 77 5 | 87.8| 3.93! 15.0 
56.8) 1.40 13 | 47.4) 0.14 Mohonk Lake ........ 5 | 85.8! 1.97) 10.0 
36.1 | 0.65 | Moira 66 | —10 | 30.1 | 2.64) 10.0 
43.0) 0.20 2.0 |] 94 22 | 56.2; T. Mount Hope.........-..-- 78 | — 4| 87.7| 3.00] 19.5 
34.9 8.00) 48.0 || Hillsboro 87 28 | 54.6 Newark Valley........---| ..... 0.87 5.5 
sovess OOD New Lisbon.............-| 77 | —20| 31.2| 1.58; 6.0 
71 11 | 39.2) 2.64 8.5 || 83 11 | 48.0 | 0.00 North Hammond. .......| 68 6/31.6) 1.066) T. 
60 | — 83.2) 1,60) 13.0 90 21 | 51.5) T. North Lake .............. 26.7). 1.28] 12.0 
San Jacinto .........-...- 66 | — 5 | 37.0| 2.40| 19.4 || Lake Valley T Norwich 78¢| —12°| 36.4°) 5.51 6.0 
70 15 | 37.5 | 0.05) T. bes 82 10 | 47.6) 0.07) T Ogdensburg .... — 7} 9.2) 1,34 2.8 
cn 62 2/349) 8.90) 39.0 || Lordsburg .. 93 24 55.1 | 0.00 80 | — 8 | 37.2) 1.69 7.0 
New Los Lunas. 87 19 | 49.7 | 0.08 Oxford......... 76 | —18 | 34.2) 1.85 7.0 
68 | — 1) 81.1 1.86 | 11.0 76 10 | 41.4) 0.30 Oyster Bay..........-...- 75 14} 89.4| 268! 14.5 
4.56 | 29.0 || Magdalena............... 84 12 | 48.0} 0.00 Perry 78|—7| 84.0) 1.23 8.5 
Bethlehem ...... 59 | — 8/ 27.0)| 2.41 ce assed 0. 92 Plattsburg 64 | —11 | 31.2) 1.65] 11.0 
Brookline 70|—8 34.1) 1.85 6.8 Mesilla Park ............. 89 20 | 57.8 | 0.05 Port 84 38.1 | 2.24 9.0 
66 0 | 34.2) 1.82) 11.5 0.00 75 | —10 | 81.2! 230/...... 
Franklin Falls........... 69|— 7/| 30.9) 218) 140 || Mineral 0. 25 0.5 | Romulus................- 79 5 | 37.8 | 1.26 9.0 
62 | —16 | 28.0| 13.0 || Monument .............. 95 25 | 60.6 | 0.00 OD 80 | — 4/ 36.0) 2.01 6.3 
Groveton .|.....-| 2,98 | 17.8 || Mountain Air............ 83 22 | 49.8| 0.06) T. Salisbury Mills........... 76 | —16 | 33.6 | 2.88] 18.5 
63 | —13 | 30.8, 10.0 || Nara Visa Saranac Lake........ 66 | —17 | 28.7) 1.81 0.8 
79|—9 82.3) 1.68 6.0 || Oramge. 95 29 | 56.9) 0.00 76 6 | 87.8) 3.70) 18.5 
7 |—2)| 33.6) 1.80 8.5 1,00 9.0 || 74 18 | 38.0) 2.75 8.1 
70 | — 5 | 32.6| 1.60 5.0 0. 08 Shortsville ............... 82 2 | 37.8| 1.10 2.1 
Plymouth ................ 64|—9 29.8) 2.85 | 12.2 || 92| 56.2) T. Skaneateles 1,40 
New 75 7 43.6 | 0.38 Southampton............. 71 16 | 87.9| 3.50) 
Asbury Park ............ 76 18 | 40.4] 3.19 | 140 || Rose 0. 60 South isteo ........4.. 80 | 36.8) 2.01 9.0 
Bayonne ................. 11 | 39.6 | 3.37) 18.0 78 18 | 48.4) 0.05 omer 67|—5 | 1.98) T. 
Belvidere ................ 5 | 40.4 3.22 9.5 || San Marcial............. 89 24 | 55.4) 0.00 81.4; 2.22 3.7 
Bergen Point............. 78 14 | 40.0) 2.39) 12.0 || Sam Rafael ............... 83 16 | 47.2 | 0.00 Volusia. ..... 75 8 | 37.0| 1.61 6.0 
88 11 | 42.4 2.98 9.8 || Socorro. 91 24 | 53.0) 0.00 Wading River............ 77 10 | 36.7; 3.10) 11.8 
Bridgeton ................ 85 15 | 45.0) 3.66 8.5 || Springer ................. 90 10 | 46.4 0,00 Wappin Falls ......... 78|—5/| 36.3) 1.89 7.0 
Cape May C. H........... 81 15! 44.8! 2.96! 10.7 80¢ 45, 1¢' 0.62 Watertown ............... 67 2' 34.2! 1,72 1.0 
20——6 
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TABLE II.—Climatological record of cooperative observera—Continued. 
Temperature. Precipita- Temperature. Precipita- re. Precipita- 
i (Fahrenheit. ) (Fahrenheit. ) (Fahrenheit. ) rg 
a = 
it | Ss Stations. 3. Stations. 
f t’d. | Ime. | Ine. Texas—Cont’d. | Ins. | dns. Vermont—Cont'd. ° ° © | Ins. | Ins 
Sevierville 27 87.2) T 89 | 38/65.6) 250 Cavendish 64|—3/ 31.2] 1.45] 80 
S44 31) 59.6) 4.50 86 42 | 70.1) 275 — 27.3) 17.0 
Silver Lake. .............- 98 22) 50.4) 3.49 cc 98 15 | 55.2 | 0.00 Enosburg Falls........... 65 | —21 | 29.2] 1,91 5.0 
87| 28/682) 5.83 Port 49/71.8| 1.41 Jacksonville.............. 29.3! 1:28| 
Springdale 82/563) T. Rhineland ............... 100; 28 | 63.0) 3.50 anchester .............. — 2) O62] T. 
Springville............... 88 | 27/508) 3.54 2.02 58 —18/ 28.6) 2.33| 12.0 
GO 0.5 | Rockisland. ............. 87 42 | 70.4); 1,82 St. Johnsbury............ 56 —19 | 28.0) 262!) 19.2 
Tellico Plains ............ 297) T. || Rockland 75 60 —2/ 30.1) 2.02) 2.0 
Tracy City ............... 2.00; || Woodstock ............... 56 —16 | 27.0) 10.0 
gd 85 28 6.0) 3.60 71.6 0.50 
Tullahoma ............... 8 | 29/602) 5.30 69.4) 1.4 % 18/525) 2.86) 22 
Union City...............| 87 | 82/600) 310 68.4 | 2.10 92; 22/51.2) 3.15) 45 
286) i || Gamta 0. 62 Bigstone Gap............ 85 26) 54.0) 5.21) PT. 
Watertown............... 3.20 63.8 | 3.55| T. Blacksburg...............| 85 19/| 47.0| 3.96) 8&0 
Waynesboro........ ..... 7.16 1, 35 Buchanan 1.93 'T. q 
Wildersville.. ........... 4. 86 66.3 | 0.62 Burkes Garden. 76) 15/469] 472] 140 
4.58 65.9) 2.31) T. 92 23 | 53.4) 4.78 1.0 
Texas. T 67.8 | 0.98 Charlottesville 94) 4.96! 1.5 
1.30 75.0 | 0.77 Clarksville............ 8.42) 21 
00 cones 3. 76 72.0 | 2.27 21/520) 292) 25 
il Rallinger 0. 06 68.4) 0.82 18) 61.8) 1.0 
Barstow ........... 0. 85 66.8 | 1.52 9% | 19/533] 374) 1.5 
Beaumont....... 2.24 66.3 | 0.83 83 21) 53.3) 4.48) T. 
Beeville......... 0.97 63.4 | 1.99 Fredericksburg .........| 93 21 /505/ 1.0 
| Big Springs. 1,69 71.0; 270 Grahams Forge .... 
Blanco ........ 1.48 65.6 | 2.30 Hampton........... 88 28/530) 3.67 
Boerne ........ 1.40 Hot Springs. ..... 82 19 | 46.1 | 3.81 2.5 
2.78 2.0 || Lexington 89 «619 49.0) 245) 
Rowie . 1.78 46.8 | 0.60)..... Lincoln ............ 92 16/468!) 290) 6.0 
Brenham ... 2.60 44.2| 1.50| 80 || Marion ............ 79 «22/506! 342] 11.0 
Channing . 96 | 15| 587/ 0.00 41.8) 1.58) 7.5 || Nokesville(near)......... 93 20/501) 1.02) 20 
Childress .. 100} 2 | 61.9) T. 41.3] 212] GO || 
Clarksville 36/645) 1.53 46.0 | 1.00| 11.0 || Quantico ................. 92 20/482) 224) a8 
de cee 95 27 | 65.4) 2.04 | Experiment Farm........ 86 Rockymount............. 92 24) 53.0) 3.48 20 
69.8) 2.48 Fort Duchesne ........... 7% | 15/422) 000 Spottsville ............... 9 21/526) 4.95| 0.5 
87/687) 1.82; || Garrigon................. 10/427/| 090)...... Stephens City ........... 92 302) 40 
97 15 | 58.8) T. Government Creek ....... 63 222) 19.0 17 | 50.4] 2.75 1.5 
Danevang ........... 78 18 | 44.4) 1.23 1.0 || Williamsburg ....... 92 24 | 53.1 | 2.70 1.0 
4.40 bn 64| &| 880) 3.29| 27.0 || Woodstock 2/498) 1.80) 30 
41 | 68.0) 215 dikes 69; 11/404) 2.76 140 We 
Duval...... 40/706) 203 86 29/542) O51) T. Aberdeen ............... 6 27/422) 0.5 
97 45 | 74.5 | 0.02 Huntaville .............. 4.08 | 14.0 || Amacortes................ 57 30) 41.6) 2.15 |...... 
Pert 92) 70.2) 0.00 9| 40.3) 1.30)...... || Baker........ 63 71423] &69]...... 
Fort MeIntosh ..... 98 | 75.6) 030 Kelton .. ° 0.2%; 2.0 || Bellingham ......... 66 26/428) 1.98 
Fredericksburg ..........| 34*| 68.3*| 0.63 La Sal.. 705} iel ... 62-25 | 41.6 | 10.12) 1.5 
85 | 68.2) 0.95 67 13} 41.8) 1.21 8.9 ar River............. 2. 09 1.5 
Georgetown ...... 93 64 8 | 35.0) 0.00 55 18 | 35.3) 0.67 1.0 
roo | 65.2) 1.18 69/ 0.42)...... 68 12/367] 0.77)...... 
Grapevine 964) 364) 68.8") 0.68 262) 30.0 || Clearbrook 60 23 | 40.1) 3.72)...... 
j 90 | 88/678) 206 | 23 || | 42.0 | 11.77 
2. 80 Meadowville.............. 53 14 | 33.6) 3.50/| 20.5 || Cle Elum................. 56 17 | 35.7) 1.14 4.0 
S4 24 | 52.6) 0.92 2.5 || Conconully .............. 56 14 | 33.1) 1.90) 18.0 
98 | 17| 57.1) 0.00 68 | 15 41.2) 243) 12.0 || Coupeville ............... 59-27 | 44.0] 1.05) T. 
0.96 Mount Nebo ............. 69 | 44.6/| 1,.12| 10.0 | Crescent 68 22: | 37.3] 1.55) 20 
41/704) 1.81 Mount Pleasant.......... 72) 18/ 41.4] 1.41] 11.0 |} Cusick ... 40.1 | 1.50 
Un 89 | 388 | 67.8| 0.91 71| 14/448) 1.47/]..... East Sound 5824) 39.7) 227) 
Hunteville...... 87| 246 | en..... 65| 24/43.5| 350/ 6.8 || Ellensburg 63-21 | 38.1 | O62)...... 
88| 32/684) 200 | Parowan 9| 41.4| 1.61-| 11.3 || Ephrata.................. 65 | 40.7 | 0,07 
93 | 88 | 67.6)| 1.18 Payson ... 2.74) 18.0 || Fort Simeoe.............. 64-26 | 41.8) 2.08 )...... 
93 | 29 69.4) T. | Pinto...... 64 | — 2 2.92)...... Goldendale............... 22) 40.2) 1.92) 3.0 
89; 70.2) 0.51 67 2| 87.8) 1.12) 10.7 68 25/41.8| T. | 
Knickerbocker........... 96 | 27 66.6) 0.84 68 13 | 48.4) 280) 24.0 || Iwaco. 68 81/440) 
Kopperl...... 1.20 Rameh 63 1/866) 8.87)...... Kennewick............... 71, 1.29 
2.10 Richfield. ................ 81 17 | 46.0; 0,06 |...... Kosmos 66 26 | 41.9 | 3.95 |...... 
Laureles 0. 82 || field 81} 34/568) 1.38 Lacenter 6 2/412) 336) 05 
8 | 4/706) 270 | St, 26 | 52.5 0.88 Lakeside ................. 59 «20, 38.8) O80) 45 
Liano.. .... 93 | 30 | 69.0/| 0.03 Salt Air....... 71) 2 | 1.88)...... 824 | 39.8) 250) 115 
Lone Star Ranch ..| 0,00 12/ 41.8) 1.41) T. 53-25 | 89.0) 1.25) 1.5 | 
Longview 87| 87 66.4) 410 || Soldier Summit .......... 56) 10/ 140 || Mottinger Ranch. 7% | 46.8) 1.75 
Luling .......... 88 | 41 | 70.4) 1.62 | Theodore ens bes 70| 17/ 41.0) 025) 1.0 || 67 200 41.8 | 1.50) 0.4 
ks 98 | 20 0.02 | Thistle ...... 70 6 43.5) 0.80) 8.0 || Northport......... ...... 62 10 | 83.8) 1.12) 7.9 
90| 37 | 67.0) 273 Tooele 68/ 42.6| 268)...... 56 43.2 | 1.58) 15 
99 | 2/588) T. Tropic. . 184 40.44) 0.39, 02 68 2/422) 3.24 
Mount Hilanco...... ..... | 22/ 69.0) O22 | Trout Greek .............. 73| 17/|48.0| 1.05| 10.5 || Pinehill....... .......... 65 25/420) 1.51| 2.0 
87 35 | 68.1) 2.15 18 | 48.6) 0.76)...... || Pomeroy.................| 55 24 38.6) 1.95 0. 
56.5) 0.10 |) Weodruf................. 60; 1.00| 7.5 | Port Townsend........... 82 | 44.4 0.91 
New Braunfels........... 41) 71.5) 224 || Wellington............... 87) 14] 44,7 | 0.05 Pullman 60, | 39.2) 1.67) 37 
50 1, 05 62| —23! 248! 2.27! 15.7 e 5 35.4! 2.03! 13.5 
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TABLE II.—Climatological record of cooperative observers—Continued. Late reports for February, 1907. 
. Temperature. Precipita- Temperature, Precipita- Temperature, Precipita- 
(Fahrenheit. ) tion. (Fahrenheit. ) tion. (Fahrenheit. ) tion. 
Stations. | Stations. | Stations. A. 
3 3 3 § 3 
} 
Washington—Cont’ d. ° Ins. | Ins. Wisconsin—Cont' d. Ins. | Ins bd | Ins. | Ins. 
59 28 | 41.2) 0.65) T. | Grand River Locks se 1, 76 1.5 87 59 74.0) 0.45 
Ritzville... 1. 46 1.7 || Grantsburg 54 | —10 | 27.4) 2.30) 15.0 84 53 69.8 2.11 
on 60 24 38.4) 2.15) T | Hancock ...... 63 10 | 33.6) 1.36 5.0 82 50 67,2) 4.58 
54 11 | 30.2 | 232); 20.2 || Hayward ......... 54) —10 | 25.6) 1.38) 10.0 86 6&6 71.2) 1.81 
59 41.6} 3.18)}...... | Hilleboro...... .........- 71 8 | 35.2) 1.65 3.5 89 52 70.5 2.58 
Snohomish ....... .... .- 60 20 | 41.2 2.74/...... Koepenick .............. 65 | —16 | 31.4 | 1.70 9.0 88 46 67.2) 1.25 
Snoqualmie .............. 59 26 | 40.8 | 288 /)...... Lake Mills . 74 11 | 38.4) 2.80 2.5 86 50 69.7 | 2.81 
cc 2.60; T 82 12/ 40.1) 1.14 5.5 84 55 70.4 «3.42 
52 20 | 36.9| 1.56) T Manitowoc ............... 62 11 | 33.9 1.99 3.2 85 60 | 75.0 2.66 
52 10 | 83.0) 06.40)...... 69 9 | 37.1 1,50 4.0 91 60 | 75.4) 0.00 
72 25 44.6) 1.97 Meadow Valley .......... 69 8 | 33.5) 1.23 0.11 
53 8 | 34.4) 0.60 5.5 || Medford......... bs 69 | — 31.6, 0.60 1.0 | 68 55 | 71.6 0.57 
q Vancouver .......... 28 | 44.4] 2.67)..... 59 | — 31.6 | 1.95 cp | 62/| 76.0) 1.83 
29 42.3) 1.94)...... Minocqua 62 | —18 | 27.6] 1.40] 146 |] | 65 | 682) 3.29 
Wahluke................. 67 26 | 43.0) 2.19 Mount Horeb ............ 78 10 | 38.4) 1.48 2.2 || Juana Diaz. ... 89 61 76.2) 6.00 
Waterville ............... 60 13 | 32.5 | 1.10; 11.0 || New London............ 62 34.3) 1,51 1,0 || La Carmelita........ -| 8 56 69.4 2.37 

enatchee (near) ........ 60| 22) 0.37| 2.8 || New Richmond .......... 63 381.2] 1.48] 9.0 84, 54 70.0 2.94 
61 14 | 35.0) 0 65 66 7 | 33.8) 1.67 | 79) 57 69.7) 2.35 
| 63 27 | 42.2) 7.74 60 | — 8 | 29.2) 0.70 8.5 || Las Marias............... | 84) 56 70.6 1,32 

2.72 63 10 | 35.4) 1.83 | 87 58 73.3 3.58 

West Virginia. Pine River......... ..... 64 9 34.2) 17 4.6 || Maunabo........... 59 77.0 1,35 
87 23 | 50.8 | 4.67 2.0 67 12 | 36.8} 1.36 5.0 || Mayaguez................ | 56 73.4) 0.47 
Bayard..... 80 2/|43.2) 6.45) 21.0 Port Washington........ 66 14 | 36.2 | 3.67 | 88! 89 749) 0.25 
83 | 7.0 || Prairiedu Chien......... 85 | 10 39.8) 1.55/ 3.5 || Rio Blanco...... 87| 66/721) 412 
83 22; 49.6 6.81 3.0 57 | —16 | 1.89 5.5 || Rio Piedras ............. 3.11 
Berkley Springs... . 92 11 | 46.9 | 4.80 77 18 | 39.6) 298)...... San German............. 86 5469.9 2.16 

rlin 88 17 | 46.3) 2.70) 10.0 || Sheboygan .............. 64 13 | 37.2 | 2.85 3.5 || San Lorenzo.............. 86 «1.18 
90 20 | 51.5 | 6.57) ..... 81 10 | 39.6 | 1,93 1.8 || Sam Salvador............. 81 55 67.8 | 2.49 
win 86 16 | 49.3 | 3.09 1,0 || Solon Springs ........... 54 | —14/| 26.0] 1.52] 11.0 || Santa Isabel ....... ..... 74.0e 0.19 
Charleston ..........-...- 87 25 55.1) 4.90 53 0 | 27.4 1, 38 8.0 Vieques 87 65 74.6) 1.74 
85 50.0) 456) T. 64 1 | 30,2] 1.81 sens | 0.97 
86 20 | 51.7 | 5.36 -5 || Stevens Point ............ 65 4 33.5) 1.70 2.0 || | 88 5672.3 «1,06 

83 19 | 52.6) 4.63) 4.5 || Valley Junction.......... 67 8| 83.8] 8.19] 2.5 || St. John........... 49|/—4 2.3) 2.97] 19.0 
85 50.0) 6.10) T. 75 11 | 36.2) 1.58 6.5 

18 | 48.0) 3.10 2.0 76 10 | 36.6) 3.15 3.5 

9 . 8 35. ° 3.2 907 

Green Sulphur Springs...| 87| 22 | 50.8 | 3.98|...... 9.2 Late reports for February, 1907. 

Huntin 87 22 | 51.8) 4.98 3.0 Alaska. © | hee | 
Lewisburg 84 19 | 47.3 | 4.72 | 0.35 5.2 || Chestochina....... 41 | —55 -10.8 | 0,20 2.0 
Logan.... 91 26 | 57.1 | 5.12 2.0 | Barrett Creek... 52¢] — 8e| 28.0¢| 1.96] 17.5 || Circle City ............... 20 | —51 -25.6 | 0.57, 7.8 
Lost City. . s4 21 | 48.2) 3.05 4.0 Basin 75 4/ 40.9) 0.14 4.0 || Coal Harbor.............. 41;—3 20.8 2.00 1.2 
Lost Creek . 85 16 | 50.4) 4,10 1.0 Bed ford 52¢ 6¢| 31.2¢| 3.22 | 169 || Dutch Harbor............ 45 13 26.4) 2.49)...... 
Madison...... Blue Cap. 51 2/| 26.5) 3.80) 38.0 || Fort Egbert... . 20 | —52 -20.0 0.20 2.0 
Mannington.............. 87 20 49.8 | 5.89 3.1 || Buffalo 72 7 | 37.2 | 0.07 0.7 || Fort Gibbon..... 22 | —58 -20.5 |....... 
Martinsburg ............. 90 14 | 44.7 | 3,90 9.0 79 41.2) 6.45 5.0 || Holy Cross Missio 34, —40 -10.6 0.55 8.5 
Moorefield ............... 93 15 | 49.6) 1.05 4.0 | Clar 67 12 | 38.9; 1.34] 13.0 || Kenai......... 38 | —38 387) 0.61 15.5 
7.18) T. Clear Creek Cabin .. ....| — 25.6) 1.01 8.5 || Ketchemstoc —54¢-21.34¢ 0.20 3.0 
Morgantown............. 84 19 | 48.4 6.97 5.0 | | | 1.67 | 20.3 | 0.28 3.0 
Moundasville.............. 85 21 | 50.6) 8.18 cs 3.838 | 1838 |] Bammpast, 17 | —57 -23.4 0.44 4.5 
New Cumberland ........ 83 15 | 44.4) 3.95 1.41 | 26.5 || St. Michael............... 25| —30 —5.8 0.00 
Nuttallburg ...........-- 78 20 45.8) 1.99 1.0 60° 2 | 33.2¢) 1.95 C.D 30 | —55 —9.0 0.10 20 
88 23 | 54.5) 5,00 0.4 | Fort Laramie............. 80) 41.4) 0.41 5.8 || —36 —1.4 1.81 21.4 
83 12 | 46.3) 6.20 6.5 | Granite Canyon.......... 68 7192.2 | 1.90 | BRO 37 | —25| 7.6) 1.08 26.0 
84| 15/489)! 5.61) 46 || Granite Springs.......... 68 39.3) 075!) 9.5 Arkansas. | 

80 15 | 45.9) 7.10| 120 || Green River............. 63 13 | 36.2) 0.49 5.5 || Russellville....... 73 22 | 42.0) 2.32 

Point Pleasant........... 86 24 53.9) 5.41) T. Griggs... 71 9 | 39.3) 0.58 3.8 California, 

sess 89 54.3| 1.90) T. 1.05 | 10.5 || Crescent City............. 20. 40 
79 14 | 46.6 6.80| 14.0 | Hyattville................ 71 11,79 
94¢; 47. 8°) 2.53 4.43 | 27.0 || New Castle............... 74 33 (54.0 6.72 
86 20 | 51.2) 56.13 4.0 67 2 | 36.1 | 0.28 GD 

86 21 | 51.8) 5.14 2.8 || Little Medicine .......... 54) 30.6) 2.07| 24.0 || De Land ................. 85 85 60.8 |....... 
Spencer .................- 87 19 | 48.6 | 4.14 3.0 Lusk ..... 73 0 | 39.2) 0.90 9.0 Idaho. 

Sutton ...... 24| 53.7 4.60 74|—2/| 39.2) 0.50 5.0 || Roosevelt.......... 42 1 2.4) 1.50 140 
81 15 | 44.2 | 7.36) 12.6 | 73 7 | 40.2) 0.32 2.4 

81 19 | 48.8 | 3.71 5.5 || New Castle............... 72 15 | 39.5) 0.90 4.0 || Denison ........... 59 | —25 25.7) 1.48 14.8 

90 16 | 48.0 | 2.52 1.0 || Path@eder............... 66 38.8) 0.55 57 | —19 23.6) 1.56 7.0 

78 17 | 44.8) 6.72 5.4 || Phillips....... bie 79 5 | 42.4) 0.20 2.0 || Rock Rapids.............. 60 | —28 20.4) 0.75 7.5 

Weston .. ... 94 18 | 49.4) 5,33 8.8 || Pine Bluff................ 86 9 | 43.7) 0.80 8.0 Illinois. 

90 53.6 | 424 55 | —11 | 1.50] 12.0 |) Tuscola..................- 80.3 0,42 1.2 
Williamson............... 89 25 55.6) 4.16 68 5 | 34.2) 0.20 1.5 Massachusetts. 

Wisconsin. 69 13 | 89.8) 0.18 0.6 || Winchendon............ 1.62 17.0 
es 66 4 | 35.4) 0.79 69 11 | 86.6 0.87 5.7 ‘aryland. 
Antigo 60, — 31.5) 0.75 7.5 || Sheridan................. 75 39.1) 0.45 2.0 || College Park....... ..... 55|—15 28.1) 1.76 148 
64 9 | 36.2 | 1.98 6.9 | Shoshone Canyon 64 10 | 37.0} 0.99 8.5 Missourr. 

Appleton Marsh.......... 70 6 | 33.6) 1.95 21 | South Pass City .......... 42 | —13 19.6 5.00/| 51.0 || Avalon.......... 61;—9 31.3) 0.72| 6.5 

Ashland................. 50 | —10 | 27.5 | 1.65 8.0 || Wells,......... 89 | —14 | 20.5 | 2.95 22.0 || Windsor.......... 66 1 33.6) 1.78; 26 

56 | —10 | 27.1 | 1,08 4.2 | Wheatland......... 10 | 46.0 2.30) 14.0 New Jersey. 

80 15 | 40.0) 1.59 0.8 || Wolf. .......... 72 5 | 39.2) 1.35] 14.0 || Charlotteburg............ 46 | —22 19.0; 2.44 23.0 
1,86 | Yellowstone Pk (G. Can.)| 41 | —15 | 17.6 | 3,22 | 44.7 || College 
Brodhead . 80 15 | 40.8) 218 2.5 | Yellowstone Pk.(Lake)..| 46 | —10 | 23.7 | 7.48| 65.0 New York. 
Burnett......... 65 12 | 36.8) 1.71 2.5 | Yellowstone Pk.(Norris)., 56) — 9 | 26.4 |.......)...... Dannemora............... 9.8) 0.50 5.0 
Butternut...... 54 | —18 | 27.0) 1.52) 11.4 | Yellowstone Pk(Riv’side)) 49 | — 5 27.0) 4.05) 36.0 Oregon. 

64 9 | 35.0) 2.54 6.5 | Yellowstone Pk(SodaB)..| 52 — 5 30.2) 1.74) 12.0 || Mitehell.......... 64 15 41.2) 2.36 18.0 
Chippewa Falls 2.50 6.0 || Yellowstone Pk. (T.Sta.).| 48 | — 7/| 25.1 |) 4.33 53.0 || Riwerside................ 61 18 40.0; 239 12.0 
Downing 64 | —14 | 29.8 | 2.21 | 20.0 || Yellowstone Pk.(Up. Ba.)} 47 | —10 | 25.4) 5.70}...... Tennessee. 

Eau Claire ... 70 3/322) 1.95 3.0 Porto Rico, 70 13 | 37.2 | 4.83 1.4 
Florence .. 56 | —13 | 26.9) 1.50 5.5 55 | 68.0) 2.70 ras. 

Fond du Lac 65 10 | 37.7 | 204 1.8 §2 | 72.4) 0.05 82 18 52.5 |) 0.92, 
Grand Rapids 69 7/344! 1.97 3.0 48 | 68.0! 3.31 83 12 50.2) 0.00 


le. 
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Temperatu Precipita- 
(Fahrenheit) 
| 
Stations. | a. | 
3 Biles 
2 
8 
F a | i |3 
3/2 
Vermont. bad Ins. Ins. 
Cavendish —13 11.9) 1.02 14.0 
West Virginia. | 
| 68 7/402 335 10.0 


Wyoming. 
Yellowstone Pk.(G. Can. ) 41 


17.0 


| 
| 
| 
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EXPLANATION OF SIGNS. 
* Extremes of temperature from observed readings of dry 


_ thermometer. 


A numeral following the name of a station indicates the 
hours of observation Bes 
obtained, thus: 
1 Mean of 7a. m. +2 
*Mean of 8 a. m. + 
* Mean of 7 a. m. + 
+ 
+ 


p.m. + 9p. m. + 4. 


‘Mean of 6 a. m. 

of 7a m. 

Mean of readings at various hours reduced to true daily 
mean by special tables. 

The absence of a numeral indicates that the mean tem- 
perature has been obtained from daily readings of the maxi- 
mum and minimum thermometers. 


p.m. +9 
p.m. + 2 
p. m. + 2 
+ 2 
p. m. + 2. 


which the mean temperature was 


| 


Marca, 1907 


TABLE I1.—Climatological record of cooperative observers—Continued. Late reports for February, 1907. 


| 


servers, as the case may be, are rting from the same 
station. A small roman letter following the name of a 
station, or in figure columns, indicates the number of days 
ans from the record; for instance, ‘‘*’’ denotes 14 days 
missing. 

No note is made of breaks in the continuity of tempera- 
_ ture records when the same do not exceed two days. All 
| known breaks of whatever duration, in the precipitation 
_ record receive appropriate notice. 


CORRECTIONS. 
February, 1907. 


P| 23. 1.0 #0895 An italic letter following the name of a station, as “ Liv- Nebraska, Chester, make  ———_— 0.90, and Lynch, 
= | ingston a,” “ Livingston 6,” indicates that two or more ob- make mean temperature 26.7°. 
| 
{ 
| 
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TABLE III.— Wind resultants, from observations at 8 a. m. and 8 p. m., daily, during the month of March, 1907. 


Component direction from— | Resultant. Component direction from— Resultant. 
in Direction | Du | || Direction | Du 
on ra- on ra- 
| from— | tion. | N. & | from— | tion, 
Bnglana, Hours. Howrs. | Hours. Hours. e Hours Hours. Hours. | Hours. | Hours. e Hours, 
23 17 12 27 | n. 68w. 16 || Moorhead, Minn..................... 24 17 14 22 | n. 49 w. 
25 20 7 26 75w. 20 || Bismarck, N. Dak .......... ....... 24 13 22 n. 15 ll 
20 6 9) n. Ilw. 16 | Devils Lake, N. Dak ................. 15 21 15 26 | s. 6l w. 12 
Burlin 12 10 2 6 | Williston, N. Dak. 22 13 18 n. 29 10 
e 1 8. w. Upper ‘alley. 
21 15 12 28 | n. 69w. 17 12 10 7 13 | pn, 72 w. 6 
Nantucket, 20 | 20 14 25 w. 22 16 18 20| n. 18 w, 6 
19 19 15 28 13 La Crosse, 14 10 4 8| n. 6 
13 27 on. 70w. 15 || Madison, 16 20 16 24| 68w 9 
5 19 n. 16 | Charles City, 15 17 20| n.17w 10 
New Haven, Conn ............... pen 28 1s 15 15 ° 10 || Davenport, lowa .......... .........- 18 15 19 21| n. 34w 4 
Middle Atlantic States. | | Des Moines, Iowa .................-. 24 18 19 19| n. 6 
24 24 9 18 w. 9 || Dubuque, 21 17 M4 24) n. 68 w. il 
Binghamton, N. Y.f 6 12 10 | 45 e. 3 || Keokuk, lowa 22 16 17 23) n. 45 w. 8 
2! 615 12 23 | nm. 16 | 21 26 45. 7 
22 13 19 18w. 10 | La 9 6 13 | 4 
Philadelphia, 24 21 13 20 | n. 67 Ww. 20 22 14 s. 2 
24 2% 22 70w. 12 || Hannibal, Mo. ¢ 8 9 10| n. 4 
21 16 18 22) n. 39w. 6) Missouri Valley. 
15 22 16 27) 58w. 13 || Kansas City, Mo..................... 15 24 23 11] Se. 16 
ount Weather, Va. ............ 20 18 il 30) 84w. 19 | Springfield Mo 16 29 18 s. Be. 14 
21 | 21 17 15 e. 9 12 12 6] 7 
24 27 s. Be. 3 || Topeka, 10 12 12 3/ s. 77 e. 9 
ens 20 2 12 35) 52w. 20 || .... 25 22 22 9) n.77 e. 18 
South A States, 28 21 15 12] n. 2 
nc 30 17 16 14) 9e. 13 || Valentine, Nebr .................-..- 18 9 13 24) 85 w. ll 
seven 14 23 23 18| Be. 10 || Sioux 12 8 11 7| 45 6 
16 19 16 24) 69w. 8 || Huron, 8, 26 16 15 n. 31 e, 12 
Wilmington, N. C 18 15 18 23) n. 59w 6 || Yankton, 8. Dak. ¢ .................. 11 8 9 10; n. 18 w. 8 
Charleston, 8. C............ .. 12 | 20 18 23| s. 32w 9 Northern Slope. 
Columbia, 8. C............... aa 17 | 14 20 23) 45w. 16 7 27 25| n. 18 e. 9 
Augusta, Ga............. ose 17 18 s. 69w 8 | Miles 22 14 23 16| n. 41 e. 11 
ava 14 16 16 26) s. 18 19 8 35 | s. 78 w. 28 
Jacksonville, Fla 23 21 19| Be 6 | Kalispell, Mont. 7 18 6 39 | s. 72 w. 35 
Rapid City, 8. Dak................... 16 18 1b 23| s. 76w. 8 
17 29w 10 | Cheyenne Shi 19 17 33 | n. 86 w, 28 
24 34 7| n, 30 || Lander, 19 21 4 32 | 86w. 28 
17 9 16 33) on. 66w. 20 | Yellowstone Park, Wyo ............. 8 41 6 24] s. 29w. 38 
North 19 18 20 18| n. 63 e. 2 
14 19 17 s. 6lw. 10 || iddle 
10 il 7 13) 80w. © 18 27 22) 57 w. 17 
Thomasville, G 16 24 9 s. 58w. 23 10 17 27 |. n. 38 w. 16 
Pensacola, Fia.t 10 10 10 Coneordia, Kans... 15 25 8. 39 13 
Anniston, Ala .... 18 30 14 13; s. Se. 1? 22 23 16| 54 e. 
Birmingham, Ala. 16 13 16| 15 || Wichita, 16 29 20 9| 17 
Mobile, Ala ....... 12 35 16 11 s. 12 e. 24 Oklahoma, Okla ..................... 18 37 8 5/ 8s. 9e. 19 
Ala 14 27 10 s. 43.w. 18 |) 
Meridian, Miss ... 13 82 11 17| 18w. 16 36 8 ll a Ow. 20 
Vicksburg, Miss . . 35 15 24 || Amarillo, Tex 9 36 13 15| 4w. 27 
New Orleans, 9 37 14 4 4 10 23 1| s. He. 23 
Western Gulf States, 20 22 ll 23) 81 w. 12 
12 38 21 5| s. 30 Southern Plateau. 
6 18 9 27 e. 21 8 38 | n. 68 w. 32 
Port AS il 26 21 12| s. 31 e. 18 | Santa Fe, N. Mex.................... 16 16 n. 4iw. 
Little Rock, Ark...... . 13 30 4 14) 17 || Flagstaff, 2 41 | 5s. 8lw. 40 
Corpus Christi, Tex... 8 87 31 2} 45 e 41 || Phoenix. Aris 17 28 19| n. 56 e. il 
12 36 12 Bi 24 || Yuma, 17 10 17 29 n. 60w. 
Galveston, Tex 7 41 25 Se. 41 || Independence, Cal................... 16 31 16| 8s. 18 w. 16 
13 41 7 8/ s 2w. 28 Middle Plateau. 
San Antonio, Tex. ll 31 s. 36 | 9 7 30) s. Sw. 28 
Dayle, TO, 5 19 2; We. i1 | Tonopah, Nev......... 8 33 32 12| s. 39 82 
Ohio Valley and Tennessee. | Winnemu Nev 11 24 35 | 64w, 30 
Chattan 20 16 19 | s. 3lw. 6 | Modena, Utah. ...... 5 22 4 45 | s, 68 w. 44 
cones 20 25 13 s. 66w. 12 | Salt Lake City, Utah.. 10 30 25 24 
Memphia, 18 32 15 4); 8 8e 19 || Durango, Colo ........ 18 19 7 382 | 88 w. 25 
Nashville, Tenn ...................... 16 25 17 s. 18w, 10 Grand Junction, Colo................ 15 18 21 s, 34 4 
7 14 10 7's We. 8 - Northern Plateau. 
16 27 14 s. 10w. 11 | Baker City, Oreg.. ae 11 37 14 26 
10 13 10 s. De. 6 | 16 27 27 13 s, 52 18 
{ndianapolis, Ind ..................... 20 24 15 s. 27 w. 5 7 18 8le. 12 
18 20 17 24) os. 74w. 6 32 22 20; 26 
Columbus, Ohio 19 23 14 21s. 60w. 8 | 17 27 1b 22w. i 
21 21 10 27 w. 17 | il 42 7 s. 9w. 31 
Parkersburg, W. Va .................. 24 20 66 w. 10 | 
18 20 5 26) s. 85 w. 21 17 23 20 18| s. 18 e. 6 
Lower Lake Region. 9 11 s. 45 w.. 1 
13 22 15 27| s. 53w. 15 17 28 21 11| 42 15 
6 9 9 15 | s. 63 7 17 28 il 8. 56 w. 19 
31 13 s. 19 Ww. 21 20 26 17} 8. 37 15 
Rochester, N. Y 7 21 36 os. Gl 29 14 27 18 21; s. 13 
8 racuse, N. 8 26 17 22; s. Ww. 19 13 24 13 24) 45 w. 16 
15 21 14 24) 59 w. 12 
Cleveland, Ohie 17 15 20| s. 36. 17 23 19 13] 45. 8 
10 9 13 | n, 79 w. 5 13 26 6 30 | 62 w. 27 
18 12 21 22/ n. 6 10 31 28 12/ s. 24 
Region. 16 21 28] s. Ww. 21 
23 19 n. 70w. 12 7 5 15 | 8. 68 w. it 
25 20 4 17 n. 3lw. 6 12 12 2 13 ll 
Grand Haven. Mich. 2 14 19 n. Tw. 
ran 20 16 19 22. son. 37 w. 5 
Houghton, Mich.f 8 3 15 | n. 89 w. 25 16 16| 
Marquette, Mich ........ ............. 20 19 14 10 Los Col 18 8 19 2 45 14 
Port Huron, Mich .................... 21 20 14 20, n. 80w San 25 8 18 24 on. 19 w. 18 
Sault Ste. Marie, Mich 19 9 18 on. 45w 14 San Luis Obispo, 18 25 | 7 21s, 63 Ww. 16 
20 17 18 23 59 w. 6 
Milwaukee, 20 16 19 21, n. 27 w. 4 || West Indies 
Groom Bay, 18 20 12 25 s. 81 w. 13 San Juan, Porto Rico................ 18 13 35 10 =n. 79 26 
uth, Mino 24 9 16 27 | n. 36 19 | Grand Turk, 10 4 22 1 22 


* From observations at 8 p. m. only. _ t From observations at 8 a, m. only. 


a 
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TABLE LV.—Accumulated amounts of for each 5 minutes, for storms in which the rate of fall equaled or exceeded 0.25 in any 5 minutes, or 0.80 l 
in 1 hour, during March, 1907, at all stations furnished with self-registering gages. ; 
| | Total duration. 25 Excessive rate. Ze Depths of precipitation (in inches) during periods of time indicated. 
| i 
_ 10 5 | 30 3% | 4 | 50 | 60 80 100 120 
| | From— To— Began— | Ended min. | min.| min. min. min.) min. | min. | min.) min. min. | min. | min. | min. | min. 
a 4 | | 
Abilene, 9) 12:10 am.) 4:10 0.85 | 2:10 am.) 2:22 a.m.) 0.30 0.23 0.41) 0.45) ..... ss conves 
Anniston, Ala.........-- 1| 3:45 p.m, 1.42) 6:11 p.m.) 6:31 p.m.) 0.40 0.18 | 0.43 | 0.52 | 0.59 
Atlanta, Ga. 1-2} 7:08 p.m.| 2:25 a. 1.38 | 8:09 p.m 8:37 p.m.| 0.30 | 0.11 | 0.22 | 029 0.40 | 0.56 0.63 
Al 1) 2:17 p.m 7:40 p.m. | 1.70) 4:00 p.m 5:30 p.m.| 0.07 | 0.05 | 0.09 | 0.16 | 0.45 | 0.53 | 0.60 | 0.69 0.75 | 0.81) 0.85 1.33) 1.45 ...... 
Charles City, lowa...... 28 | 6:33 p.m.) 8:31 p.m.| 1.00) 7:23 p.m.) 8:00 p.m./ 0.15 0.10 | 0.15 | 0.19 | 0.25 0.29 | 0.52 | 0.75 | 0.80 dike 
Cincinnati, Ohio... 
Cleveland, Ohio.......... 0. 
Columbia, Mo... . 0.26 |. 
Coiumbia, 8. C. 0. 
Columbus, Obio.......... 0.: 
Concord, N. H........... |. 
Corpus Christi, Tex..... 0. 29 
Davenport, lowa.. 0.34 |. 
Del Rio, Tex............ * 
Denver, Colo ............ * 
Des Moines, Iowa * 
tpo . 06 
Elkins, W. Va........... 1 ' 
Erie, Pa........ | 
Escanaba, Mich.......... 
Evaneville, Ind ......... 
Fort Smith, Ark......... owed | 1.39 
Fort Worth, Tex........ | 0. 30 
Grand Rapids, Mich .... | | 084 
Green Bay, Wis.......... | 0. 62 
Hannibal, Mo........... | 0. 59 
Harrisburg, Pa........ 0.52 |. 
Hartford, Conn......... | 0. 26 
Huron, 8. Dak .......... | 0.23 
lola, Kans .............. 37-28 | 1.01 
Jacksonville, Fla........ coon cds | 0.64 
Jupiter, Fla............. 0.11 
Kansas City, Mo......... | 1. 23 
2) 3:55 p.m) 4:25 p.m.) 2.38 
Key West, Fla........... » 
Knoxville, Tenn 1,11 
Salle, gene 1, 18 | 
xington, Ky.......... 1. 56 
Lincoln, Nebr... 0. 33 
— Rock. 
An 
-| 2.07 
Lynchburg, Va. .| 022 
acon, Ga........ .| 0.76 |. 
Madison, Wis............ .| 0.85 
Marquette, Mich. 0.50 
Memphis, Tenn ......... | 0.75 
Meridian, Miss.......... 1, 48 
Milwaukee, Wis......... 0. 45 
Minneapolis, Minn...... 0. 18 
Mobile, Ala....... 
Montgomery, Ala....... 0. 60 
Mount Weather, Va..... 0. 85 
Nantucket, Mass ........ 0. 85 
Nashville, Tenn......... 1. 30 . 37 | 048 | 0.53 | 0.60 )...... 
New Orleans, La......... 0.85 | 10:43 a. 10:57 a. 0.01 | 0.27 | 0.52 | 0,78 
Norfolk, Va..... 0.35 | 9:06 p.m.| 9:16 p.m.| 0.01 | 0.20 | 0.80 
| 


| 
| 
| 
| 
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TABLE IV.— Accumulated amounts of precipitation for each 5 minutes, etc.—Continued. 
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TABLE V.— Data furnished by the Canadian Meteorological Service, March, 1907. 
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TABLE VI.—Heights of rivers referred to zeros of gages, March, 1907. 


iver. 
7 


S. Dak.(™)....... 


Mont. 
yeane 
21 


Milk River. 
lames River. 


Havre, Mont. (®)......... 
Yellowstone River. 


J 


Blue Rapids, Kans......... 


| 2 
rs Marc 
| Total duration. 32 | Excessive rate. 
F From— | To- 352  Bogan— | Ended HE! 5 | m | 15 | 20 
| 
e! 1. 51 on ont coves cle cd 
Salt Lake City, Utah..... 12 | 0. 60 ind 
San Antonio, Tex...... 29-30 9:00 p.m. 4:30 1.56 p.m. 11:16 p.m,| 0.51 | 0.23 0.38 
| 8:30 p.m. 8:58 p.m, 0.35 8:40 p.m. 8:45 p.m./| 0.02 | 0.38 
icksburg, Miss 1) 9:10am. 11:45 a.m 0.62) 9:17 am. 9:27 0.01 | 0.25) cc 
| } 
(b)Of April. 
| 
| | | | 
Stations. 3 Stations. 
| 
| | | 
| 2 | | | 
Ins. Ins. Ins. Ins. | Ins. 
St. Johns, N. F...... 64 29.78 10 mi. 
93 . 09 04 |—. ( 
88 | . 05 97 |—. 
B . 29 06 98 
94 «630 . 06 95 —. 
93 29 07 87 | “. 
95 | 29 .07 98 |—. 
95 | 29 08 90 |. 
70 «30 08 89 —. 
| 39 +.01 | 23.34 43 95 |—. 
65 29 —.02 27.0 + 5.5 94 |—. 
73 | 30 +.04 30.6 + 5.0 5 " Kamloops, B. C. 86 |—. 
65 +.03 33.8 + 6.5 2.15 |—0.49 | Victori 90 
Port Stanley, Ont ... 40 30.06 +.08 34.6 + 7.4 27.7 | 2.78 |\—0. 10 9 . 95 | 80.12 +. 04 ; 
Saugeen, Ont........ 31 | 80.04 | 81.3 + 66) | 2 64 6.1 
| ? | Highest water. | Lowest water. H | = Ei Highest water. _ Lowest water. H ag 7 
| 26 84. 
° 
Miles, Feet. Feet. Feet. Peet | Miles. Feet. Feet, | Feet, Peet, | Feet 
| (10,2 | 65.4 30 | 42 6.9 5 80,31 64) 08 
‘ 
so} 1.2) 0.2 16 1.7 0.6) 1,30,31) 1.1) 
Rosseat 2} 9 39. 2, 18 21 
Lamoure a 14) 27 (0,7 77 @| 14 12) O4| '26-28/ 1.0 
Huron, 9 189 2,27 49 116 6.4 85 3148) 19 
Bi 87 «21 «10.6 10 7.6) 88 
4) 6 86) 30,31. | 1.9 | Bagnell, Mo. 70 7.8 8628 45) 65 
> 
i 
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TABLE VI.—Heights of rivers referred to zeros of gages—Continued. 


Gasconade River. 
Arlington, Mo............ 
Missouri River. 


Townsend, Mont.(*)...... 


Fort Benton, Mont. (*)... 
Wolfpoint, Mont. (*) (*)... 


Blair, Nebr........... 
Omaha, Nebr. ...... 
Nebr. 
Joseph, Mo ... 
City, Mo. . 
Boonville, Mo..... bet 
Hermann, Mo............ 
Minnesota 


Mankato, Minn............ 
St. Croix River. 
Stillwater, Minn. (*)...... 

Chippewa Falls, 
: 
ar OWB 
Des Moines River. 
Des Moines, Iowa......... 
Uinois River. 


1 
1 
Pa. 


Youghiogheny River. 
West Newton, Pa. ......... 
la River. 
Weston, W.Va. ........... 
Fairmont, W. Va.......... 
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Lattie 


Glenville, W. Va .......... 
Cresto' 


Falmouth, Ky............. 
Miami River 


Powell River. 
Tazewell, Tenn........... 
Clinch River. 


South Pork Holston River. 
Bluff City, Tenn. .......... 
Holston River. 
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%5-27,31 1.7 
16-18 44 
16-18,20 23 
|...... 
| 7. 
10. 
45° & 
4.1L 
4) 5 
5. 
67 | 12 
7) 9. 
23 12. 
9 11, 
11-15) 6 
|..... 
19 5.3 
13,14 48 
11,12 3.5 
11,12 17.4 
12 138 
127 
11,12) 46 
45 
211 41 
12 6.8 
% 6.7 
1 10.8 
1 15.2 
4 
a) 6 
2-31 1. 
31 17. 
31 
10,11 44 
1 164 
1 155 
634 
6 66 
% 1.6 
9.6 
$12 6.1 
9.2 
48 
7.3 
2-31 141 
10.4 
42) a8 
186 
12.1 
ies 
29 17.8 
31 25.0 
31 81.1 
30,31 4.0 
| 
2.7 
as 10.8 
24 
2-90 2.8 
| 
47 
30,31 4.6 
57,30) 3.7 
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Yazoo River. 
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Lansing, Mich............. 
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| ss | $8. | | | 
Stations. | | Stations. | 
Date. Height. Height, Date. Height Date. 
| Mites Feet.| Feet. Feet. Tennessee River—Cont’d. Mites. Feet. 
98 16 | 556 25 
452 
504 ll 402 
285 12 349 
1,962 | 17 255 
emarck, N. Dak......... 1,309 14 225 
Pierre, 8. Dak.(*)..........| 1,114 4 95 
Sioux Cit , lowa.(*)...... 17 
| 705 5 Pittsburg, Pa............... 966 
669 18 Dam No, 2,Pa.............| 956 | 
641 v7 Beaver Dam,Pa.a.......... 925 
10 Wheeling, W. Va........... 875 | 
Ba8 21 Parkersburg, W.Va........| 785 
231 18 Point We =| 
108 24 Catlettsburg, Ky........... 
1 
127 18 559 
499 
23 il 12.7 31 5.9 6.8 
75 16 11.0 30 1.7 | 9.3 4 ‘ 
77 4 6.6 6 440 2.2 a 
205 19 4.3 30 2.8 | 1.5 |) River. 
| Marke ree, Ark........ 104 
La Salie, TM. ..........--.-| 15.8 4.6 Neosho River. 
135 14 14.3 31 12.7 1.6 | Neosho Rapids, Kans....... 326 
Beardstown, Ill. ..........- 7 12 13.5 22-25 11.9 1.6 | lola, Kams................. 262 
Clarion River. Osw Kans..............| 184 
Clarion, 10] | 5.7 || Fort Gibson, ind, 8 
Johnstown. 64 7 18.0 M4 1.9 16.1 || Calvin, Ind. T............. 99 
Allegheny River. Black River. 
Warren, 177 14 7.2 28 5.8 Blackrock, Ark............ 67 
b cov 114 15 10.8 14 6.7) 
29 20 28.0 15 24.0. 217 
17 27 32.4 15 24.0 Newport, Ark..............) 185 
Cheai River. | Clarendon, Ark. ........... 75 30 
Rowlesburg, W. Va........ 36 14 9.2 “4 8 
27 
59 10 25-31 
15 23 465 28, 30 
403 29-31 
161 18 ardanelle, Ark...........| 256 31 
119 25 Little Rock, Ark..........| 176 31 
Greensboro, Pa............ 81 18 Po 121 31 
Lock No. 4, Pa............. «0 23 
Beaver River. Greenwood, Miss ........... 175 | 1 
Ellwood Junction, Pa....... 10, M4 Yazoo City, Miss.........., 80° 3214 
Muskingum River. Ouachita River. | | 
70 25 Camden, Ark..............| 904) | 3% | 20.2 | 
| Monroe, La .... ..........| 122 5-7 | 31.8 
Red River 
| @ Denison, Tex..............| 768) 9) 29 
88 | 20 Arthur City, Tex.......... 688 | 9-81 | 10.3 | 
eu-Greal Kanaw 7 Fulton, Ark........... ...| 615) 31 | 17.1 
Radford, Va...............| M4 Shreveport, La...... ..... 827 | 1/111 
Hinton, W. Va............| 158 14 | Alexandria, La............| 118 
Charleston, W. Va.........| 58 M River. 
Scioto River. | Fort Ripley, Minn. (77)....| 2 le 
Columbus, Ohio (')........) 110 4 3.0 Paul, Mion. (#)........| 1, 31 
; Licking River. || Red Wing, Minn. (™)......| 1, 31 
a: 30 “4 2.0 26.1 | Reeds Landing, Minn.....| 1, | be 
1] 1, | 
77 14 2.0 2 ane ake 
. 1 
Jackson, Ky...............| 287 
Beatty ville, 254 1 
High Bridge, dines 
; Frankfort, Ky............. 65 Mu 
Wabash River. Gall 
Terre Haute, [nd..........| 171 Keo > 
Mount Carmel, [l......... 75 War 
Oumberland River. Han 
KY. 818 Gra 
Celina, Tenn..............| 388 St. I 
Nashville, Tenn...........| 198 Cape 
! Clarksville, Tenn..........| 126 New 
Luxora, Ark .............. | 
‘ 44 Memphis, Tenn = 
re Ferry, Va...........| 156 625 | 
\ 52 595 
} 474 
35 378 
240 
Rogersville, Tenn.......... 108 
Prench Broad River. 
Asheville, N.C.............) 144 Simmesport, 
Dandridge, Tenn.......... 46 Melville, La...............| 108 | 
Tennessee River. Morgan City, La........... 19 
f McGhee, Tenn............. 17 Grand River. 
Hiwassee River. 166 6 
Charieston,Tenn ......... 18 | 140 ll 
Knoxville, Tenn...... 635 | 
xville | 108 12 
| Loudon, Tenn.............| 890 | 
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TABLE VI.— Heights of rivers referred to zeros of gages—Continued. 


33 | | 
Highest water. | Lowest water. & 84 Highest water. Lowest water. § 
3s Height. Date. |Height.| Date. E Height. Date. Height.) Date. | = 
Grand Riwer—Cont’d, | Miles.| Feet.| Feet. Feet. Feet. Bilisto River. Miles. | Feet. Peet. Peet, | Feet, 
Grand Rapids, Mich.......| 98/11 8.8 43 1| 68 40 | Edisto, %| 6| 47 24 31; 28 
usky River. 
Tiffin, Ohio..........-.....| 6 | 7) 80 6) 0.8 11| 29 7.2 | Carlton, Ga 3; 25| 9,81) 3&8 

Penobscot River. Savannah River. 

Mattawamkeag, Me-(M)...) 87 Calhoun Falls, 8. C........ 347| 15| 5.0 2} 24| 26 
West Enfield, 60 Augusta, Ga..........--.- 268| 32) 17.0 4; 80 31 10.0) 9.0 

Kennebec River. Oconee River. 

Winslow, Me........-..... 8 6.2 4.0) 8,16,17| 4.7. 22 | Milledgeville,Ga.......... 25) 129 3} 3.1 a1) 98 

Merrimac River. | Dublin, 95 7| a7 3/39) &8 
Franklin June, N.H.(®)(*)| 110) 18 121 8.9) 1012) 47| 82 River, 

Concord, N. H. 10 5.5 1.2 17| 4.8 || Macon, Ga................ 208 | 13.7 8&0 10.7 
Manchester,N.H..........) 8 4.5 31; 25] 3.4 Abbeville,Ga......... %| 10.3 3.7 31| 6.6 

Connecticut River. Flint ‘ 

Wells River, Vt. (%)... .... 255| 34 28.8 A Woodbury, Ga............. 227 40 4; 1.5) a8 
Whiteriver Junction, Vi(™)| 209 |...... 14.1 Montezuma, Ga 152} 10.2 29 5.5| 7.8 
Bellows Felis, Vt.......... 170/12 7.8 31) — 09 3) albany, 90| 20; 7.4 8| 1.7 31; 5&7 
Holyoke, Mass...........| 84| 9| 7.4 0.2 14| 2.4| 7.2|| Bainbridge, Ga......... 29| 80 8.7 31| 5.7| 43 
60| 16 15.1 64 |...... 8.7 

Housatonic River. Oakdale, Ga .............. 18| 13.8 38.0 5.0| 10.8 

Albaay, 147 2 10.5 10 9 Wetumpka, Ala........... 12| 35.3 4 7.0 30,31 | 15.4) 28.3 
River. 5 
te 

Passe . Montgomery, Ala..... 323| 33.8 5| 48 31/183) 29.0 
45 81) 57) 27 Tuscaloosa, Ale... ..... 90} | 50.2 24 31/191) 42.8 
Reading, Pa......... 66) 12 68 15| 03 1) 21) 65 Columbus, Stes sis) 163 | 168 
Hancock (E. Branch),N.Y.| 287| 12 9.5 47 21 | 5.8) 4.8 
Hancock W, Branch Y. as 18 a3 Demopolis, 168 35 47.3 8 5.1 81 | 281 42.2 

rt Jervis, N. Y.......-.. 1 8. 
Shubute, 348 5| 4.5| 481/148) 30.0 

owanda, Pa.............. ,14) 5.1 
Sl wl ue io] ano || Merrill, 20) 20.2 810; 46 31| 13.6] 15.6 
Clearfield, P 15) 8 11.9 “| 21 2 | 9.8 

Si al | || Jackson, Miss............. 20| 27.3 30 | 16.4 | 22.7 
Williamsport, so| ims 17} || Columbi Miss... 14| 19.5 31|126| 128 

un 

Huntingdon, Pa.......... 90) 14.0 6.7 | 20.7 || 815) 2%) 166 56] 58 90/122) 11.8 
. Rockland, Tex......... 105) 2] 9.5 2} 3.0 13/ 48] 65 
Selinsgrove, Pa.......-.... 116| 10.0 1.7 2) 4.9) 8&3 

Harrisburg, Pa............ 69| 17| 18.3 &3 1.3) || Beaumont, 18} 10,13) 1.8 31| 1.0 
River. 30 | 25| 169 1| 4.1 /97,28,90,31) 58 | 12.8 

Harpers Ferry, W. Vs..... 172| 16.1 2.5 1) 13.6 yy 

lames 

River. Kopperl, Tex. .....-....... 845| @1| 22 — 02 24 

305| 12) 69 3.3 31) 4.8| 36 

55 8 1.1 15 | —0.1 30, 31 0.5 1,2 Ballinger, Tex...... 21 a8 29-31 19-28 a7 a3 
Clarksville, Va.....-...... 196 | 12) 11,16) 07 21] 
Weldon, N. 380, 27.2 16 | 10.9 15.6 | 16.3 el as 
17.2 5) 4.5 81 | 10.7 | 12.7 21 1; 4.0 1.3) 
Greenville, No. 21| 18.8 5.9| 30,31 | 10.6| 7.9 103 as 
Moncure, N.C eer eee ee . 171 25 14.4 16 8.3 30 9.6 6.1 26 1.7 1 — O05 19 0.2 2.2 
Fayetteville, N. 88) 21.2 16} 5.0 31 | 11.1 | 16.2 “| 23! 120] 11 
Conway Ae eesccces 40 7 3.7 15 2.2 a1 1.5 24 8 2 44 7.5 9.4 
Cheraw,8 C.............., 27) 180 16| 30,31| 5&8| 10,7 80 18.0 21) 810,18) 7.7) 7.2 
Smiths Mills, 8. C......... 16 129 5&8 10,9| 7.6 el «e al al 
Effingham ac 12 8&8 5; 28 6.0 | 10.3 45 64) 5.8 

4 40} 15.9 69 19| 
Kingstree, 8. C............ 12 85 42 81) 6.4) 48 
Mount Holly, N.C........ | 18 | 2.6| 15,16; 20] 08 2,21 

Camden, 8. C........ 87; 2%) 117 2} 5&2 31| 7.9) 65 33.2 16 | 10.4| 27.8 

27.5 2| 72.7 4/138! 19.8 
Blairs, 8. Cc 36 14 2.6 2,17 0.3 23 1.4 2.3 25 > got 
Pelzer, 8. 7 5.0 2,3| &2/25,30,31/ a9/ 1.8 | Knight | =| ao 
©. 18/2135.) 28| Riovista, | 12] 180 68) 910! 98) 11.7 
Columbia, 8. C............ 62; 1 32 3 1.0| 24,31 | 1.8] 22 River, 

Santee Pollasky, Cal.............. 203 10 21 1.3 24) 3.3 6.2 
12) «126 45| 6.6 81 9.6| Firebaugh, Cal............ 148 |...... O47 5| 68 
St. Stephens, 8 0 47 31 39 | 49/14) 19.2 20| 18,0 6/160) 6.2 

| 
Figures indicate number of days frozen. (*) One day missing. (>) Two days missing. (°) Estimated, (°) Sixteen days only. 
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) Honolulu, T. H., latitude 21° 19° north, longitude 157° 30’ west; barometer above sea, 38 feet; gravity correction, —0.057 inch, applied. March, 1907. 
Pressure.* Air temperature. Moisture. Wind. Clouds. 
| 8a. m. 8p. m. 8a. m. 8p. m. 8a. m. 8p. m. 
Day. : 
e a 
a F 5 FE 3 3 : | 3 
sie |*2) a & | sis | 5 | 
1 29.95} 68/680, 78/680/| &/e, 2 | ne. 4/00/0002) 9) Su 38 ne. 
2 29.95 | 29.96 732) 77 69 67.5! 71 | 67.2) 78| ne. 16 | 0.00 0.11 e. 
90.05 | 70,645) 67/660, 75/ ne. 29 | ne, Su. je. cw e. 
90.06 | 90,06 /69.2/70.0) 75 65640) 75/655! 18 | jek e. 
90,06| 90.00/71.2/ 71.0) 76) 6866.4) 69/ 81 ne. 13 | ne, ae. 
0.00} 29.91 69.2/665| 74| 6667.0, 91/660) 5 | ne. 8/004) 0.83/ 10/8. e. 98 an. 
?.. ‘| 99.91 | 29.88| 71.5| 74| 68 682) 883 69.0, 88 | se, 4 | ne. 9| Cu. e. 9) Cin | 
29.88 | 29.88 | 72.3|69.5| 78| 67/69.0 86 ne. 2| ne. A-cu |0 Cu. e. 
29.92 | 29.94| 70.8| 70.3) 75| 683/653), 77| ne. 3 | ne. 3/0.00/0.00| A-cu. |0 2) Cu. ne. 
29.95 | 29.93 69.5/ 69.0 75 64.0 70 | ne. ne. T. |a00| Cu. 010 
29.95 | 68.0) 75| 58 / 625| 74 | ne. 3 | ne. 10| 0.00 1) A-cu. |0 0 0 
30.06 | 30.04| 70.2/69.0| 77| 60.8, 58/620| 67. ne. 5 | ne. 12 | 0.00 | 0.00 | few. | Cu, e. 0 0 0 
30.08 | 29.98 /69.0169.0  78| 62/612) ne. 3 | ne. 3 | 0.00 0.00 | few. | Cu. 0 0 0 0 
29.96 | 29.92 66.6\69.0, 63/630) 82/640 76) ow. 4| nw. 4/000) T. 9/8. e. 0 0 
29.94| 29.94/68.0/685| 76 | 64° 76/63.0| ne. 4| ne. 910.02 T. 5 | Cu. e. 7) Cu. 
29.99 | 90.00/ 70:0/68.5| 74, 65/610 59/59.0| ne. 18 | ne. 16 | 0.00) 0,003 1s. e. 
90.05! 73, 65/500) 55/650 ne, 22 | ne. 10/ 0.00 0,00 Ci-cu | w. 6 ne. 
- 18 .. 90.05 | 90.05/ 70.0) 69.3) 74) 66/500) 51/620) 66 ne. 13 | 0.0 003 A* is 
30,04 90.04/ 71.0) 70.0, 75| 66/610) 56/640) 72/e, 10 | ne. 0.00) T. 8 | N. ne. 
20 30.06| 90.08/70.0 71.0 68/680 10 | ne. T. Su. |e. | ne. 
90.06 | 90.04/723 71.0) 65/640) 64/650) 22 e. 17/003) T. 4 10 | Cu. 
90.04 90.06 68/650) 65/645) 67/ ne. 14 0.01; T. 4 5| Cu. 
28 30.07| 76 66/650, 69/640| 65/ ne. 13 | 4) Cu. e. 5 | Cu. e. 
30.08 | 30.07 71.5| 78| 68/6463) 61/660; 66/e. Mie. 1) Cu. e. 6) Cu. e. 
90.08 90.06 |72.0/69.8 67/683) 62/67.38| 90| ne. 17 | e. T. Cu. e. e. 
90.09 | 90.08 /67.5/ 70.5 65/650) 88/625| 4| ne. 14 0.17/ 016) e. Cu. ne. 
27 90.10 | 61/620| 64) ne. 13 |e, T 4) Cu. e. Cu. e. 
30.13 | 75 646|62.5| 59/650, 18 | ne. Cu. e. 6 N. ne. 
90,07} 90,06/ 720) 71.0) 77| 62/63.0) 61/61.2\ 57/ ne. 16 | 0 007) T 3) Cu. e. Bil 
90.08 | 30.08 /71.8/720) 68/640! 65/640) 65/ ne. Tle. 120131005; Cu e. tim 
90.13 90.15 78.0 720 76 68/640) 61/650) 2 |e, els e. | 
Mean... .| 90,025 | 30.013 | 70.9 | 70.2 | 75.6 65.5 | 68.8 | 67.7 | 64.5 | 78.6 ne. 10.8 | ne. 10.0 0.74) 1.40) 65) Cu. e. Cu, e. 


: ; “Observations are made at 8. m. and 8 p. m., local standard time, which is that of 157° 30’ west, and is 5> and 30" slower than 75th meridian time. * Pressure values are | 
reduced to sea level and standard gravity. 
Norse. —At the morning observation on the 28th, with four-tenths cumulus clouds and several belts of very light rain to the eastward and northward of the station, two portions 
of a rainbow, one extending from 50° above the northern horizon to the zenith and the other extending from the southern horizon to 30° above, were observed to the westward of the 
— in an ayo! cloudless sky. Several viewpoints were taken, yet not a semblance of a could be seen in that portion of the heavens. The colors of the segments of 
nbow were very iant. | 


RAINFALL IN JAMAICA! Comparative table of rainfall. 
[Based upon the average stations only.) | 


Thru the kindness of Dr. H. H. Cousins, chemist to the FEGRUARY, 1907. 
government of Jamaica and now in eharge of the meteorological Rainfall. 
service of that island, we have received the following table: Divisions. ae ee 


The rainfall for February was therefore above the average 


for the whole island. The greatest fall, 13.80 inches, occurred 
at Mount Holstein in the northeastern division, while no rain Neriners division 22 48 


! Received too late for publication in the February Review. 
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XxXXV—20. Chart I. Hydrographs for Seven Principal Rivers of the United States, March, 1907. 
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